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THE R. D. WOOD 
GATE VALVE 


Bury it, yes, and if R. D. Wood made it, you can 
just about forget it,too. There are generations of 
reliable service built into the R. D. Wood Gate 
Valve. Simple, sound design is the secret; no 
delicate parts to get out of order, no pockets to 
fillup with sediment. Even after years of idleness 
in the lines, R. D. Wood Gate Valves operate 
easily, smoothly. 


ONLY THREE MOVING PARTS: 


The spreader and two discs com- 
prise the complete internal mech- 
inism. In closing, gates are first 
lowered into position before spread- 
ing action begins. Then spreading 
pressure is distributed evenly from 
the hub to permit the discs to seat 
without distortion. Both discs are 
equally tight against pressure from 
either side of valve. 


AND THESE FEATURES, TOO: 


Made of thoroughly seasoned castings, rigidly inspected and tested 
to 300 pounds hydrostatic pressure. Available with bell, mechanical 
joint or flange pipe connections: conventional or “O” ring packings. 


Conform to latest AWWA specifications 


R.D.WOOD COMPANY, 
Public Ledger Building, Independence Square, Philadelphia 2, Pa. 


Manufacturers also of Mathews Modernized Hydrants, Mathews Flange Barrel Hy- 
drants, R. D. Wood Hydrants, and ‘‘Sand-Spun” Pipe (centrifugally cast in sand molds) 
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Lock Joint Concrete Pipe’s unexcelled record for durability, 

efficiency and maintenance-free service is no accident. It is’ 

the product of skilled design, meticulous choice of ma- | 

terials and painstaking workmanship. 

Lock Joint’s well-tested, conservative steel reinforcing 

design produces pipe of unusual strength and safety. Care- 

fully analyzed select materials, expertly combined by 

experienced craftsmen, assure unusual durability and 

permanent high flow characteristics. The watertight, flex- 

ible Rubber & Steel Joint permits rapid, economical in- _ 

stallation and immediate backfill. - 

So, when considering materials for water transmission and © 

distribution mains or sewer or culvert lines, make certain [ 

to weigh the merits of the pipe that made its way by the — 

LOCK JOINT CONCRETE PIPE. 


ao 


way it's made 


LOCK JOINT 


= 

‘KK iT PIPE CO 
OCcCK JOINT PIPE ° 


East Orange, New Jersey 


CONCRETE PIPE 


Sales Offices: Chicago, Ill. * Columbia, S. C. * Denver, Col. * Detroit, Mich. 
Hartford, Conn. « Kansas City, Kan. ¢ Perryman, Md. © St. Paul, Minn. * Winter Park, Fla. 
Pressure Water Sewer * REINFORCED CONCRETE PIPE Culvert * Subaqueous 
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(ita) METERS 
- POSITIVE CONTROL OF MATERIALS IN MOTION \BIF FEEDERS 


CONTROLS 


REDUCE PUMPING and Soon 
TRANSMISSION COSTS! 


Pump Power Savings for ° 

Dall Flow Tube 

over Orifice Plate 

Fluid: Water 


Power Rate 34¢ KWH crm 


POWER SAVINGS COLLARS PEE 


UNE CHES 


Dail Flow Tube Cuts Head Loss 
90% over Orifice Plate ... pro- 
vides Maximum Power Savings! 


Dall Flow Tubes offer unsurpassed pressure recovery 
... greatly reduced pumping costs over extended 4 
periods . . . plus adequate line pressure at distant 
points. Annual pump power savings can be approximated 
by checking bottom of chart at selected line size... 
tracing vertically to sloping flow line (maximum 
capacity) . . . and reading actual dollar savings 
opposite this intersection at right of chart. 


Industries 
BUILDERS-PROVIDENCE PROPORTIONEERS OMEGA 


METERS ¢ FEEDERS * CONTROLS / CONTINUOUS PROCESS ENGINEERING 


[he low-priced, performance-proved Dall Flow Tube 
cuts Operating costs . . . provides a constant, stable 
discharge coefficient over a wide range. KEEP YOUR 
HEAD, save your money! Request free copy of Technical 
Bulletin 115-L3C today! Write B-I-F Industries, Inc., 
365 Harris Ave., Providence 1, Rhode Island. 
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6 P&R COMING MEETINGS 


AWWA SECTIONS Sep. 25-27—Missouri Sec., Jefferson 
City. 
Spring 1960 
Sep. 28-30-—-Wisconsin Sec., Madison, 
Jun. 2-—-New Jersey Section, at 
Riverton Country Club, Riverton. Sec- Oct. 6——Connecticut Sec., Hamden. 
retary, A. F. Pleibel, Dist. Sales Mgr., 
R. D. Wood Co., 683 Prospect St. Oct. 9-12—Alabama- Mississippi 


Maplewood. Birmingham, Ala. 


Oct. 16-19—Southwest Sec., Galves 
Jun. 14-17—Pennsylvania Section, ct 1 uthwest Sec., Galveston, 


at Hilton Hotel, Pittsburgh. Secre- Tex. 


tary, L. S. Morgan, 413 First National ; ; 
Oct. 19-21—lowa Sec., Des Moines. 
Bank Bldg., Greensburg. 

Oct. 19-21—Chesapeake Sec., Washing- 


Fall 1960 ton, D. C. 


Sep. 7-9—South Dakota Sec., Watertown. Oct. 20-22—New Jersey Sec., Atlantic 


City. 


Sep. 12-14—Kentuckv-Tennessee  Sec., 
Knoxville, Tenn. Oct. 24-27—Rocky Mountain Sec., Colo 
rado Springs, Colo. 
Sep. 14-16—Virginia  Sec.. Virginia 


Beach. Oct. 25-27—California Sec., Long 


Sep. 14-16--New York Sec., Whiteface. Oct. 26-28—Ohio Sec., Columbus. 


Sep. 21-23—Michigan Sec., Trav Nov. 9—-11—North Carolina Sec., Win 


City. ston-Salem. 


Sep. 21-23—North Central Sec., St. Paul, © Nov. 13-16—Florida Sec., Fort Lauder 


Minn. dale. 


mie (Continued on page 8) 
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Beach Lakes 
in West 


Florida 


Uses hundreds of 


IOWA FIRE HYDRANTS 
and GATE VALVES 


Iowa Fire Hydrants and Gate Valves form an im- 
portant part of the more than $4,000,000 investment 
in water and sewage facilities for a completely new 
“City Within a City’, a Perini-Westward develop- 
ment, entirely within the city limits of West Palm 
Beach, Florida. One of the owners is Louis R. Perini, 
Chairman of the Board of the Milwaukee Braves 
and President of Perini Corporation. 

The eye-catching central pavilion dominates a 12- 
acre exhibit in the nine-square-mile area where more ‘ + 
than 40,000 people are expected to live. Hundreds One of hundreds of Iowa fire hydrants 
of Iowa valves and hydrants were installed to con- 
trol the flow of water and provide fire protection the city limits of West Pan Beach, Fla. sia 
throughout the 100 miles of cast iron water mains 
serving this $450,000,000 development. 

The Iowa products were selected because of their 
proved long life and easy maintenance...plus the 
assurance that parts and replacements will be always . , 
available. Such longtime future service is an impor- untiniedee . 
tant part of every purchase of Iowa products and hydrente 


IOWA VALVE 


Oskaloosa, lowa 
A subsidiary of James B. Clow & Sons, Inc. 


Let us send you 
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Coming Meetings 
OTHER ORGANIZATIONS 


May 9-13—2nd Southwestern Metal Ex- 

_ position & Congress, American Society 
for Metals, with other technical groups, 
State Park & Sheraton Hotel, 

Write: Allan Ray Put- 

nam, Managing Director, Metals Park, 
Novelty, Ohio. 


Fair 


Dallas, Tex. 


Jun. 1-3—5th Appalachian Underground 
West Vir- 
ginia University, Morgantown, W.Va. 
Write: John H. Alm, 605, 2 
(jateway Center, Pittsburgh 22, Pa. 


Corrosion Short Course, 


Rm. 


6-8—Rudolfs Memorial Research 
Conference, Rutgers University, New 
Brunswick, N.J. 


ence is principles of collodial behavior 


Jun. 
Subject of the confer- 
application to water sanitation. 
Write: HH. Heukelekian, 
Dept. of Sanitation, 
New Brunswick, N.J. 


Chairman, 


Rutgers Univ., 


Jun. 8-11—-National Society of Profes- 
sional Engineers, Statler Hotel, Boston, 
Mass. 


Jun. 20-Jul. 1—Course on “Aquatic Bi- 
ology for Engineers,” R. A. Taft Sani- 
tary Engineering Center, Cincinnati, 
Ohio. Write: Chief, Training Pro- 
: gram, 4676 Columbia Pkwy., Cincinnati 
26, Ohio (or to USPHS regional of- 
fice). 
Jun. meeting, 
AIEE, Atlantic City, 


general 


Jun. 26-Jul. 1—ASTM,  Chalfonte 
Haddon Hall, Atlantic City, N.J. 


(Continued from page 6) 


Aug. 15-19-—-Course on ‘“‘Recent Develop- 
ments in Water Bacteriology,” R. A 
Taft Sanitary Engineering Center, Cin 
cinnati, Ohio. Write: Chief, Training 

Program, 4676 Columbia Pkwy., Cin 

cinnati 26, Ohio (or to USPHS re 

gional office ). 


Aug. 22-27—Seventh Internation Con 
ference on Coastal Engineering, Kur- 
haus, Scheveningen, The Hague, Neth 
erlands. Write: J. W. Johnson, Engi 
neering Field Station, Bldg. 159, Univ. 


of California, Richmond 4, Calif. 


Aug. 23-25—Symposium on water quality 
data collection and utilization, R. A 
Taft Sanitary Engineering Center, Cin 
cinnati, Ohio. Write: Director, 4676 
Columbia Pkwy., Cincinnati 26, Ohio. 


Sep. 18-22—NEWWA, Queen Elizabeth 
Hotel, Montreal, Que. 
Hall. 


Oct. 2-6—WPCF, Convention 


Philadelphia, Pa. 


Oct. 10-14—Fall general meeting, ATEEF, 
Chicago, TI. 

Oct. 17-21—48th annual National Safety 
Congress, Chicago, IIl., with sessions on 
industrial safety scheduled for Conrad 
Hilton, Pick-Congress, Sheraton Tow- 
ers, Morrison, and Ia Salle hotels. 
Write: R. L. Forney, Secy., National 
Safety Council, 425 N. Michigan Ave 
Chicago 11, Tl. 


Nov. 27—Dec. 2—Annual meeting, ASMF. 
Statler Hilton Hotel, New York, N.Y 
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Control water alkalinity, reduce acidity... with 
handy PH-Plus blocks. Dry and dustless, with no caking, no waste 
from spilling. They dissolve slowly, last longer, assuring a more 
-accurate, more constant feed with no zig-zag alkalinity results. 
Try economical PH-Plus soon, and learn how easy it is to control 
_ DpH of water. Packed in 100-lb. bags. Write for further information. 


OLIN MATHIESON CHEMICAL CORPORATION 
Chemicals Division ° Baltimore 3, Maryland 


Olin Mathieson Chemical Corporation 
a Chemicals Division, Mathieson Building 
_ perfect pH contro/... Baltimore 3, Maryland 


7 () I'd like more information on PH-Plus 
I’m interested in distributing PH-Plus 

Address 


PH-Plus® is a trademark 


4828 
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DE LAVAL pumps 


serve the citizens of . a 


San Antonio... city of Alamo fame, 

growing to meet the demands of its dynamic 
citizens and economy. 

Here, De Laval water works pumps have been 
providing vital water requirements with 
increasing reliability—as they have in most 
major American cities for over half a century. 
De Laval makes water works pumps with 
capacities ranging up to 100 million gallons per 
day to meet all water works requirements. 


Write for your copies of De Laval Bulletins 1004 and 1005 giving data on these pumps. 


4 NENG Centrifugal Pumps 


LAVAL STEAM TURBINE COMPANY 
B22 Nottingham Way, Trenton 2, New Jersey 
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PROTECT STEEL, CONCRETE... REASONABLY 


You can do the job efficiently with these 
two cold-applied Allied Chemical Coal 
ar Coatings . 

“Allied Chemical” Coal Tar Paint #110 
goes on as easily as oil-base paints, pro- 
tects against weather, mold, corrosive 
vapors, moisture too severe for ordinary 
paint. This low-cost coating dries to a 
shiny black finish. 

“Allied Chemical” 34Yc Coating #134 
dries to a heavy duty, resilient film as 


thick as 6 or 8 coats of ordinary paint. 
Recommended for all surfaces exposed to 
extreme moisture or to very corrosive 
vapor and spillage. Withstands tempera- 
tures from —20° to +160°F. Excellent, 
for example, on load-bearing structural 
steel. 

Fourteen Allied Chemical cold-applied 
products... coatings, cements, wrappings, 
creosote... give efficient protection to 
outside equipment. Call us today. 


Though we've changed the name from Barrett Protective Coatings 
to Allied Chemical, you receive the same famous protection in 
pipeline coatings—proved and improved for three generations. 


PLASTICS AND COAL CHEMICALS DIVISION 
Rector Street, New York 7, N.Y 
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M-Scope “Master” Electronic Witch 


‘Leak Survey Instrument and Pipe Locator 


The transistorized ‘““MASTER"’ Leak Detector—Pipe Finder Combination is the first dual 
purpose instrument with separate and independent leak detector and pipe finder 
circuits. Now you can have two instruments in one without cny compromise in per- 
formance. The “MASTER” Leak Detector—Pipe Finder incorporates the very latest 
advances in electronic construction and circuitry in addition to having an exception- 
ally long battery life. An ideal instrument for any Water Department. 


under pavement at the valve 


Finding a leak Locating a leck Location of Locating a 


dead ends — service 


7 Write for information, demonstration or trial. 
Place your next order with POLLARD 


POLLARD sew ParRK NEW YorK 


PIPG LINE EQUIPMENT 


PIPE LINE EQUIPMENT 
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NON-CLOG SEWAGE AND TRASH PUMPS... 
a Fairbanks, Morse first, are matchless in mechanical 
construction and long-life, low-cost quality! De- 
signed to handle unscreened sewage, storm water, 
and industrial wastes, our Non-Clog Pumps are the 
products of 75 years experience in making better 
pumps for municipalities. 


City Halls 


There is a Fairbanks, Morse pump to meet all the 
needs of any municipality, regardless of size or loca- 
tion. Vertical type pumps ideal for wet or dry pit 
installation. Horizontal type pumps for direct drive. 


call for F-M PUMPS 


os ANGLE FLOW PUMPS... proved big volume per- 
> a formers because of wide, unobstructed passages 


a through impeller and volute, are ideal forsewageand ts 
a storm water. Rugged construction insures low-cost af: 


® operation! Standard sizes (vertical or horizontal) 7 


oe available in horse powers and capacities for ever 
y 
= 


MOTORS 


requirement. Vertical units designed for dry or wet pit 
service. Horizontal pumps mounted either on sole- 
plates or steel baseplates can be powered by direct- 
connected motor. 


WE ALSO MANUFACTURE peak efficiency Tur- 


than any other kind 


bine Pumps for municipal water systems, single 


and Multi-Stage Centrifugals for booster stations... 
a - and Fire Pumps. For more information, write: 


= 
Fairbanks, Morse 


e PUMP AND HYDRAULIC DIVISION +» KANSAS CITY, KANSAS 


A MAJOR INOUSTRIAL COMPONENT OF FAIRBANKS WHITNEY CORPORATION, NEW YORK 


. 
= 
‘ 
if 
< 
¢ 
> 
2 
{ 


THE OXIDATOR® 


WAS DESIGNED 


Another Eimco-Process 
design innovation . . . 


An annular sludge trough 

is a key feature of the Type 
CSPA Oxidator. By positioning 
the trough outside the aeration 
zone, both the sludge raking 
distance and the sludge 

holding time are shortened 

and deep, uniform aeration is 
possible without sludge dilution. 


If you are concerned with widely varying flows, 
or if you are designing for ultimate high capacity 
yet need good treatment at present low flows, 
the Oxidator is meant for you. This economical 
intermediate treatment unit combines aeration, 
flocculation and sedimentation in a single tank 
to give high removals at near the cost of primary 
treatment. 

Thorough aeration minimizes scum formation 
and keeps the influent fresh. Light organics are 
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‘<a Want good treatment on both low and high flows? 4 
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FOR YOU! 
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quickly flocculated and efficiently removed. And | 


. the exclusive annular sludge trough design 
permits obtainment of a concentrated sludge in 
a short detention period. 

Whether for consideration on an immediate 
problem or for future reference, you should 
know about the improved Oxidator. Detailed in- 
formation is available from any of our nation- 
wide representatives or you may wish to write 


directly to us in San Mateo. 


THE EIMCO CORPORATION 
installation on Process Engineers Division 


420 Peninsular Avenue 
} San Mateo, California 
q 


. .. another outstanding 


90 ft. dia. Eimco- Process 
Oxidator with annular sludge 
Ponca City, Oklahoma. « 
Consulting Engineers— 
Pate Engineering Company, 
Tulsa, Oklahoma. 
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How it can affect design of 
water softening installations 


Whichever filter medium you select—sand, gravel cr 
anthracite, undissolved crystals of rock salt—this 
much is clear: dissolver design and regeneration 
expenses are bound to be affected. For example: 
Provision should be made for periodically removing 
the accumulated insolubles from the filter bed. 
Design of filters should incorporate the 

necessary cleanout facilities. And a brine-filtration 
setup that performs well with one type of salt 

may be inadequate with another. 


The growing amounts of brine in use in today’s 
large-capacity water softening installations 
complicate filtration problems. That's why treatment 
plant designers and builders are turning more 
frequently to International Salt Company. With 

over 50 years of experience and continuing 

research in all phases of salt handling and brine 
production, International can suggest many new 

and practical ideas in connection with salt purchase, 
storage and dissolving for regenerating ion exchangers. 
There is no charge for this service. 


Service and research are the 
extras in STERLING SALT 


INTERNATIONAL SALT COMPANY, CLARKS SUMMIT, PA. © Sales Offices: Boston, Mass. « Buffalo, N. Y. 
Charlotte, N. C. ¢ Chicago, Ill. ¢ Cincinnati, O. ¢ Detroit, Mich. e Newark, N. J. ¢ New Orleans, La. 
New York, N. Y. ¢ Philadelphia, Pa. ¢ Pittsburgh, Pa. ¢ St. Louis, Mo. 
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FLUIDICS’ at work 


Flow Pressure Valve Control 


Pump Control 


Unattended Pumping Station 


Cut costs, improve efficiency— 
automate your present water system 


with Simplex Orthoplex : 
Supervisory Control = 


ORTHOPLEX SYSTEM can pay for itself 


during the first year of operation. 


ORTHOPLEX assumes the responsibility for 
automatically controlling remote pumping 
stations, control valves, elevated tanks, res- 
ervoirs — FREES PERSONNEL FOR 
MORE IMPORTANT JOBS. 

ORTHOPLEX can be installed to operate 
with most existing flow- and level-sensing 
devices without change or with the addi- 
tion of new low-cost devices. 

IMPROVED DESIGN reduces maintenance 
to the minimum by the elimination of all 


vacuum tubes, motorized timers and motor- 


ized sequence swit« hes. 


AS MANY AS 29 CHANNELS over a single 
pair of wires—private or telephone. 


FOR COMPLETE INFORMATION, send us 


3 i m LEX 


*FLUIDICS is the Pfaudler Permutit VALVE AND METER COMPANY 


program thet integrates knowledge, _ a division of PFAUDLER PERMUTIT INC 
equipment and experience in solving 
problems involving fluids. ~ Lancaster, Pennsylvania 


Specialists in FLUIDICS... the science of fluid processes 
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BULLETINS ON 
TREATMENT OF 


WATER, SEWAGE & 
INDUSTRIAL WASTE 


CR sorreners 


AERATORS FILTER CLARIFIERS ZEOLITE 
PLANTS FTENERS 


AERATORS—Describes aerators for oxidation of dissolved iron and man- 
ganese, and for elimination of odors and gases. Explains and pictures 
forced draft aerators, pressure aerators and atmospheric aerators. 


FILTER PLANTS—Lists problems of untreated water and offers solutions. 
Explains and pictures four basic water treatment methods for elimina- 
tion of turbidity, minerals, gases, organic matter, and for pH correction. 


CONTRAFLO UPFLOW CLARIFIERS—Pictures and describes five basic contra- 
flo types for water softening and clarification. Explains application for 
industrial waste neutralization and recovery processes. 


“CR” ZEOLITE SOFTENERS—Illustrates design and construction details of 
ion-exchange softeners for hardness removal; tells how to select proper 
units. Explains various types of regeneration equipment. 


GENE FILTER co. 


AMES, |OWA 


w2 
GENERAL FILTER CO. 


P.O. Box 350, Ames, lowa (CD Aerators 


Please send free bulletins on items checked $ O Filter Plants 


* 

* 

Contraflow Upfiow 
Your name Clarifiers 

ae 


Associated with Zeolite 
Softeners 


Street address 


© Have 


City State representative call 
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ELIMINATE YOUR WATER rity 
TREATMENT WITH... 


erri- 


FERRICMBSULFATE 


gration regardless 
pid variations 


Bry effective for = 


Adaptak 
tregaapm of all ind onditioning sludge 
plications. rior to vacuum 
or drying 


on beds. a 


‘Xcellent Taste and Odor Control 

Increased Filter Runs 

Coagulation Over Wide pH Range 

Rapid Floc Formation Turbidity Removal 

Manganese and Silical Removal 
ORES... Bacteria Removal Ease of Operation 

Efficient and Economical 


For a complete list of our prod- SODIUM SILICOFLUORIDE — 
ucts see our inserts in CHEMICAL for Fluoridation of municipal ae. _ 
WEEK BUYER’S GUIDE, Pages water supplies. Available for Pit 
173-176 or CHEMICAL MATERI- prompt shipment. Inquiries in- 


ALS CATALOG, Pages 551-554. vited. 


<~ TENNESSEE CORPORATION 


TENNESSEE nol 612-629 GRANT BUILDING, ATLANTA 3, GEORGIA 
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WATER 
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CHLORINATION | 


Fischer & Porter Co. 
manufacturers of 
precision controls 


1960 ushers in the decade of scientific 
chlorination control. Fischer & Porter 
has expanded its famed diaphragm 
principle . . . proved in thousands of 
installations and adopted as standard 
throughout the world. The new 3400 
series Offers you many advanced design 
features including a single stack chlo- 
rine gas regulator providing life-long 
dependability, complete operational 
safety, and adaptability to any type of 
automatic control. 


Copyright 1960: Fischer & Porter 


= 
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First with a Single Stack Regulator 


e Ruggedly constructed of heavy, durable, 
corrosion-resistant parts, the unique single 
stack regulator packs dozens of new fea- 
tures into the least possible space. 


The exclusive isolating diaphragm prevents 
even traces of moisture from feeding back 
from the water ejector into the precision 
functioning parts of the chlorinator. 


The rugged construction of the unitized 
stack minimizes service and repair. Frail 
piping between components is eliminated, 
Parts within the stack are neither sealed 
nor inaccessible. The stack regulator pro- 
vides high accuracy and reproducibility 
even under the widely varying chlorine gas 
and water supply pressures. v 


First in Safety and Serviceability 


Controiled vacuum conditions throughout 
protect plant personnel. Any interruption 

of ejector vacuum instantly closes the 
chlorine gas inlet valve and, if desired, 
actuates alarm signals. 


Inert materials of construction have been 
carefully selected to assure long life and 
safety. 


Operating parts are housed within an at- 
tractive two-tone fiberglass cabinet. The 
color is an integral part of the cabinet 
completely eliminating painting or other 


maintenance. % 5 
First in Flexibility 


e Both floor and wall-mounted models are 
available to meet every operating or in- 
stallation requirement. Each chlorinator 
is equipped with a precisely calibrated 
F&P 20:1 range flowmeter. Capacities 
range from 0.1 to 2000 pounds per day of 
chlorine gas. Integral or remote ejectors 
may beselected. Manual-automaticconver- _ 
sion is readily accomplished at your plant. 


First in Control— 
the Controlomatic Chlorinator 


Controlomatic models of the new line — 
accept electric, pneumatic, or vacuum sig- 
nals from any type of metering device, and 
accurately feed chlorine according to pro- 
portional, start-stop, program, multiple 
rate, or residual control requirements. 
Fischer & Porter can supply the compiete 
system .. . including metering instruments 
and analyzers as well as the chlorinator. 
The unique Vis-I-Flow proportioning valve 
is safety-enclosed and yet visible! You can 
check performance and accuracy at all 
times. 
GET COMPLETE FACTS! Contact your — 
local Fischer & Porter Representative now, or, 
write for your copy of free Catalog 70C3400, 
Fischer & Porter Co., Department 12, ines 
minster, Penns: vivania. 


FISCHER & PORTER COMPANY INSTRUMENTATION AND CHLORINATION at —) 


4 Chlorine Input & Heater 
6 | Automatic Proportioning Control 
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The future of U. S. water supplies rests largely with the American 
public. The knowledge of the hydraulic engineer, the skill of the oper- 
ating mechanic, the craftsmanship of the manufacturer who makes 
water works supplies — these can function only as authorized to do so 
by the general public. Water works have become mostly public utilities. 
Water works improvements are therefore done with public funds, and 
it is the people who say yes or no. 

Perhaps the greatest handicap in development of water supplies for 
over three-quarters of a century is the public opinion that water is 
cheap, simply because in pioneer days well water and spring water 
were free. This popular misconception has kept water 
rates too low to finance improvements as needed. 

Result: A 30-year-period of delay and a $41 billion 
deficit in funds for water works and sewage works 
construction needed to meet today’s requirements. 

“Where there is no vision, the people perish,” says 
an Old Testament Proverb. The first and the biggest 
job of water works men and city officials now is to 
inspire vision in the people of their community. 

Once they know the facts, the people will! act for 
their own welfare. 


This series ts en attempt to put into words some appreciation of the water 


M:H VALVE 
AND FITTINGS. COMPANY 


N, ALAE 


24 P&R 

( 

« | 
ceofPeople 
The Importan 

j 


JOURNAL AWII'A 


Water Well Stimulators Increase Flow 


Up to 1000% At Nominal Cost! 


BEFORE 


gal. per min. @ 450 gal. per min. . 
ft. drawdown & 120 ft. drawdown 


Experience Proven Jetting Device Crea 


AFTER 


tes Drain 


Holes Deep into Aquifer in a Matter of Minutes! 


Data obtained from actual ex- 
perience indicates that Birdwell 
Water Well Stimulators will more 
than double the production of most 
existing industrial and municipal 
“rock” water wells — at a cost of 


only $440.00 to $1000.00. 


Birdwell Water Well Stimula 
tors are specially designed explosive 
jetting devices that clean the bore- 
hole wall and create large diameter 


feet into the aquifer. Birdwell jet 
ting devices are available for well 
of any diameter. 


More than 100 drain holes can 
be made with a single trip into the 
well, and the entire operation takes 
only a few hours. Birdwell Water 
Well Stimulators mean little or no 
clean out, less “down” time for your 
well, less cost to you. 


If your present water supply is 
inadequate, consult a Birdwell sales 
engineer before drilling another 
well or attempting remedial work 
— then decide for yourself the 
most economical way to obtain 
more water. 

FIELD STATIONS 
ILLINOIS LOUISIANA PENNSYLVANIA 


Robinsoh Lafayette Bradford 

Fairfield MICHIGAN Indiana 
KANSAS Jackson TEXAS 
Houston 

orado WEST VIRGIN 

KENTUCKY Wooster 

Paintsville Sth 

Henderson OKLAHOMA WYOMING 

Greensburg Tulsa Casper 


EXECUTIVE OFFICES 
P. 0. BOX 1590 
ttt TULSA, OKLA. 
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Pressure Pipe... 


PLANT PIPING 


In congested plant areas housing vital 
and costly equipment, major piping 
materials must, above all, be reliable. 
_ Conclusive evidence of concrete pressure 
pipe’s reliability lies in its unexcelled 
record for durability, trouble-free service 
and exceptional safety. 
Plant piping must also be adaptable. 
The tailor-made characteristics inherent 
- in concrete pressure pipe design make it 
_an ideal material to meet the complexi- 
ties of accurate entry into structures, and 
: of precise juncture with fittings within 
- the limited confines of plant buildings. 
Dependable, maintenance-free, and 
with sustained high carrying capacity, 
concrete pressure pipe assures reliable 
plant piping, whether for water or sewage 
treatment plants, for industrial supply 
lines, or for cooling or process water 
systems. 


WATER FOR GENERATIONS TO COME 


AMERICAN CONCRETE PRESSURE PIPE ASSOCIATION 
228 North LaSalle Street, Chicago 1, Illinois 
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PHOTOVOLT 
pH Meter Mod. 115 


A full-fledged 
line- operated 

pH Meter 

‘of remarkable 
accuracy 
‘and stability 

at the low 

price of 


®@ SIMPLE IN OPERATION AND MAINTENANCE 
@ FAST AND DEPENDABLE IN SERVICE 


Write for Bulletin +225, also for literature on other 
Line-Operated ‘and Battery-Operated Photovolt pH Meters 


Foot-Candle Meters, Interference 


24 
wt | 
| 
| 
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t 
NEW YORK 16, N.Y.” 
beter Filters, Mirror Monochromé 
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EACH ONE OF THESE MUELLER CORPORATION 
STOPS IS DESIGNED FOR A SPECIFIC NEED! 


Which type best fits your use? There are more than 59 
different models of Mueller Corporation Stops regularly 
produced and stocked today. Each of these models has 
been specifically designed to fit the varying needs of 
your water distribution systems. Yet, each of these stops 
offers the same time-proven advantages—individually- 
lapped, ground key—designed, manufactured and indi- 
vidually* tested as a ‘‘quality-matched” companion to 
Mueller Tapping Machines and Tools. 

Select the Mueller Corporation Stops that fit your 
water system—standardize on Mueller. 

Write today for full specifications. 


oe. MUELLER Co. 
DECATUR, ILL. 


Factories at: Decatur, Chattanooga, Los Angeles 
In Canada: Mueller. Limited; Sarnia, Ontario 


“EVERY MUELLER CORPORATION STOP IS FULLY TESTED IN BOTH THE 
OPEN AND CLOSED POSITION WITH AIR PRESSURE UNDER WATER. 
(THIS IS A MUCH MORE EXACTING TEST THAN A HYDROSTATIC TEST.) 
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PLANTS ACROSS 


Jones receives tank cars of Chlorine, repac kages it in eylin 
ders and |-ton tanks, makes quick deliveries to users in area 


ONE convenient source 


all your 


Get chlorine products any way you want 
them, in any amount you need, from just 
one dependable source—Jones Chemicab. 

It eliminates hop-scotch buying of liquid 
chlorine, calcium hypochlorite, or sodium 
hypochlorite, and enables you to plan your 
needs and deliveries . . . avoid excess stor- 
age. Eleven Jones plants, strategically located 
across the U.S., stand ready to deliver chlorine 
products when you need them. 

Get chlorine in any amount—from 16-Ib. 
cylinders to I-ton tanks. Jones packages 
high-purity chlorine in less than carload lots. 
You pick the size and type of container you 
need. 

Our trained technical staff will be glad 
to help you with your chlorine problems. 
Write for information and prices, or contact 


chlorine needs 


Pick Your Own Chlorine 
Product and Container 


the Jones plant nearest you. 


John Wiley 


JONES CHEMICALS, 


“A good name in chemicals” 


Beech Grove, Ind. Charlotte, N. C. 


Jacksonville, Fla. St. Petersburg, Fla. 


Caledonia, N. Y. Erie, Pa. North Miami, Fla. 
Hudson, Wis. Wyandotte, Mich. 


Torrance, Calif. 


Warwick, N. Y. 


oA 
& 
Bielia: 
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F 
| LIQUID CHLORINE CALCIUM HYPOCHLORITE SODIUM HYPOCHLORITE 
in 16-, 105-,150- (70% available Gallons, carboys, 
Ib. cylinders and Chlorine) 3%- ond Tankwagon de- 
V-ton tonks. tins, 100-Ib. liveries in 1000- 
drums 3000 gal. lots. 
x 
+ 
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Longer Life— 


Greater Accuracy — 


Lower Maintenance — 


& 


Bu 
WATCH DOG 


GAMON METER DIVISION 


NEWARK NEW JERSEY 


WORTHINGTON 


Lh — 
(ESO) 
WATER METERS 
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You Are Cordially 
Invited to Visit — 
the 


PEERLESS PUMP. 
EXHIBIT 


In Booth 55 


During the 
Convention 


May 15-20 


Bal Harbour, | 
Miami Beach, Florida 
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ON LAST 
TROKE 


G A Cushioned Swing Check Valve 7 


Don’t monkey with hammer and shock in 
your water lines. Use a G-A Cushioned Swing 
Check Valve with the special cushion cham- 
ber that eases it through the last 5% of its 
stroke. Let the valve with the built-in “‘pil- 
low” protect your equipment. 


Write today for Bulletin W-1A. 


1255 RIDGE AVENUE, PITTSBURGH 33, PA. 
7 Designers and Manufacturers of VALVES FOR AUTOMATION | 
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ME* 


~-can do! 


During your next planning pow-wow'on 
a forthcoming project, consider this 
challenge (ME* Can Do!) from a tribe 
of “‘Injun-eers’’ who make motors anc 
genergtors their only business . . . anc 
who have been successfully conducting 


this business on product merit for 
nearly 50 years. 


Feathers in our bonnet include some of 
the world’s most honored projects and 
our scalp belt includes a multitude of 
the leading names in industry, but the 
Chiefs at ME* are more interested now 
in what ME* can do .. . for you! 


Wherever you are, whatever your re- 
quirements, there's an ME* Sales En- 
gineer ready to visit your reservation, 
This data and specification file on _ sit in at your council fir n 
Marathon Electric Motors and Genera x e and discuss 
dere tes pour your requirements .. . help you with 
reference use. May we mail you your your planning. . . prove the superi- 
free copy nowt , ority of Marathon Electric Motors and 
Generators. 


Home Office and Factory 
Factories at Erie, Pa., 
le tric and Earlville, Illinois 
Offices in 


MANUFACTURING CORP OR ATI O N} Principal Cities 
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Cufs Backwash Cleaning _ 
Time in Half... = 


™ 


SURFACE 
WASH BAFFLES 


for RAPID SAND FILTERS 


A clean filter bed in half the backwash time 
—made possible by the increased velocity 
of backwash water in cleaning area above 
expanded sand. Flow of water is directed to 
wash troughs. Foreign matter put in sewer. 
If filter develops uneven flow or “sand- 
boils,”’ baffles deflect flow horizontally to- 
ward surface of sand in areas where vertical 
flow is restricted. Creates slight back pres- 
sure on filter above sand level, helping to 
equalize flow. Covers provide surface for 

2 precipitation of solids, reducing load on 
filter. Dirt can be washed off surfaces into 
wash troughs. 


; Write For Catalog No. 5-2 
EQUIPMENT 
CORPORATION 


271 Hollenbeck St., Rochester 21, N.Y. 
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protedt ion polug 


WITH FORD METER BOX COVERS 


Ford Lifter Worm Lock protects 


both meter and pedestrian . . 
plus, acts as a “working” member 
of your meter reading and 


service departments. 


Locking action pulls lid down 


tightly on cover. 


Powerful screw-jack action lifts 


lid, breaks any ice or dirt crust. 


Unlocking action automatically 
engages Lifter Key and key 


becomes handle. 


Can be operated with any 


pentagon key of the same size. 


FOR BETTER WATER SERVICES 


4 
1 
THE FORD METER BOX COMPANY, INC. Wabash, Indiana “oe 
i} : 


SOMETHING NEW UNDER THE SUN 
at WHITE SANDS, New Mexico — 


New design—new economy in purchase for 
the larger storage capacities. The PDM 
TORO-SPHERICAL Elevated Tank 
requires less steel in construction, yet has the 
same strength and meets the same design 
criteria as conventional low head range 
tanks. Pictured is the prototype at 

White Sands, N.M. Capacity one million 
gallons, height 99 ft to bottom, head 

range 35 ft. Write for details. 


| Pittsburgh-Des Moines Steel Company 


Plants at PITTSEURGH, WARREN, BRISTOL, PA. «+ 


BALTIMORE 


BIRMINGHAM «+ DES MOINES « PROVO, UTAH «+ CASPER, WYO. 
SANTA CLARA, FRESNO, STOCKTON, CALIF. 


Sales Offices: 


Pittsburgh (25). .3424 Neville Island 
Baltimore (26). ..Curtis Bay Station 
New York (17).........Suite 2721, 

200 E. 42d St. 
Newark (2) 744 Broad St. 
Chicago (3) 628 First National 
Atlanta (5) 

Ferry Rd., N.E. 
Jacksonville (7). .4066 Ferrarra Road 
Des Moines (8) 925 Tuttle Street 


323 Railway 
Exchange Bidg. 
Suite 1729, 
Southland Center 


Seattle (1). . .Suite 332, 500 Wall St. 
Santa Clara, Calif.. .631 Alviso Road 
El Monte, Calif....... P.O. Box 2012 
Fresno, Calif......... St. 
Stockton, Calif... N. Harrison St. 
Provo, Utah P.O. Box 310 


Denver (2) 


‘ 
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Because a V-notch Chlorinator needs no 
auxiliary water supply. 


You can plan on clean, dry chlorinator rooms with 
no messy drain—no chlorine gassing back. 

And best of all... gone forever is the high cost 
of wasted auxiliary water. 


And, of course, the right plastics make the whole 
chlorinator chlorine-proof. 


Yet these are just added benefits to the main job: 
Simple, dependable, wide range chlor’ ~2 control. 
The kind of control you get only with a W&T 
V-notch Chlorinator. 


A booklet, “The V-notch Story” will tell 
you about all the W&T V-notch Chlorinator 
features. For your copy write Dept. S-130.05 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 
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Recent Developments—Joseph J. Strobel 


A paper presented by Joseph J. 
Div. Office of Saline Water, 
DL. 
HE problem of water supply is re- 
ceiving increasing attention—and 
with good reason. The United States 
now needs about 300 bgd of water. If 
population and water use trends con- 
tinue, then by 1980 the quantity of 
water needed will be 500-600 bgd. 
The Secretary of the Interior, in his 
address to the 1959 AWWA Annual 
Conference in San Francisco, said that 
adequate water supply in the United 
States could become the nation’s pri- 
mary domestic problem in a relatively 
few years. 

One answer to the growing problem 
is to tap the practically inexhaustible 
supplies of the oceans and the large 
brackish water supplies of inland areas. 
The question is how to obtain fresh 
water from these sources at costs low 
enough for widespread use. The De- 


Strobel, Chief, Processes Development 
US Dept. of the Interior, Washington, 


partment of the Interior, through the 


Office of Saline Water, is attempting 
to answer that que ation. A pescerch 


water from sea and brackish waters | 
was initiated in 1952, when Congress 
enacted the Saline Water Act. In_ 
1958, Congress authorized construc- 
tion of demonstration plants to test 
some of the more advanced conversion — 
processes. Construction and operation 
of demonstration plants will comple- 
ment the existing research and develop- 
ment activities. Three plants are to 
be built for sea water conversion and 
two for brackish-water conversion. 
Saline-water conversion has _ ad- 
vanced to include a number of different 
processes. Major groups are: (1) dis- 
tillation with the use of fuels; (2) 
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solar-heat distillation; (3) membrane 
processes; (4) separation by freezing ; 
and (5) other chemical, electrical, or 
physical conversion methods. The first 
four will be discussed by this panel, 
and a brief review of the status of con- 
version processes development will be 
given here. With the highlighting of 
activities in areas of development, it is 
hoped that the relationship of the vari- 
ous processes will fall into perspective. 

No one will 
pletely all 
conversion, processes 
advantageous of the 


ever be com- 

saline-water 
are 
two 


pre CESS 
practical for 

Different 
for either 


major divisions of water to be treated— 


water and brackish water. In 
addition, other factors related to loca- 
tion, such as fuel costs, weather condi- 
tions, and waste disposal conditions, 
can determine which of several proc- 
esses would be the most economical. 


sea 


Distillation Processes 


The distillation include 
several that are among the most ad- 
vanced: multiple-effect distillation, with 
submerged-tube evaporators; multi- 
flash distillation; and tubular 
vapor compression distillation. A 
fourth, which has recently advanced to 
the point where it can be considered 
for large plants, is the long-tube, verti- 
cal, multiple-effect distillation process 
(LTV), using special scale control 
techniques. Other distillation proc- 
esses under development include rotary 
vapor compression ; tubular vapor com- 
pression, with circulation ; 
single-stage flash, utilizing naturally 
occurring temperature differences ; and, 
very recently, a vapor reheat multistage 
system and a multiple-effect process, 
using thin, wiped film with new fluted 
condensing surfaces. 

The multiple-effect submerged- tube 
vapor compression 


processes 


stage 


forced 


and 


— 
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processes have been used commercially 
for many years. More recently, the 
use of multistage flash is becoming 
more prevalent, particularly in large 
installations for sea water conversion 
which use several million gallons of 
water a day. 

Secause of their advanced develop- 
mental status and the possibilities of 
further improvement, the LTV process 
and the multistage flash process have 
been chosen for the first two sea water 
conversion demonstration plants, each 
of which has a capacity of approxi- 
mately 1 mgd. The first 
plant will be at Freeport, 
second, at San Diego. 

Progress in the reduction of distilla- 
tion costs has been made and will con- 
tinue. In the late 1930's, it cost 
$4-$5 to produce 1,000 gal of fresh 
water from sea water by distillation. 
Since then, inflation has increased all 
dollar costs. Nevertheless, the cost of 
sea water conversion has been reduced 
and, in the most efficient, large sea 
water conversion plants, the cost is now 
about $2 per 1,000 gal. It is antici- 
pated that the first two sea water dis- 
tillation demonstration plants will pro- 
duce fresh water from the sea for about 


$1 per 1,000 gal. 


sea water 
Tex.; the 


Solar Distillation 


Solar distillation has the advantage 
of eliminating the cost of fuel, but the 
problems of research and development 
related to such distillation are difficult 
Because of the diffuse nature 
must found 


to solve. 
of solar energy, be 
to build equipment at very low cost, 
of high efficiency, and with low opera- 
tion and maintenance costs, in order to 
produce converted water at prices com- 
petitive with those of water from other 
methods of distillation using fuels. In 
certain however, particularly in 
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areas, 
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those of high solar intensity, solar dis- 
tillation may, in the future, provide the 
best means for conversion, Small com 
mercial solar distillation units are now 
in operation in several foreign countries. 

There are promising ap- 
proaches toward solutions of solar dis- 
tillation problems. More answers are 
being obtained from building and oper- 
ating prototypes of solar stills and small 
pilot plants. One of the major activi- 
ties of the Office of Saline Water is at 
a solar research station at Daytona 
Beach, Fla., where experimental stills 
are now in operation. A pamphlet de- 
scribing the activity at Daytona has 
recently been published by the Depart- 
ment of the Interior.!. The utilization 
of solar energy should become increas- 
ingly important in the future. 
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Membrane Processes 


Several membrane processes are de- 
veloping into economical means of con- 
verting saline water. The most impor- 
tant application is in the treatment of 
brackish water, but future develop- 
ments in both membranes and equip- 
ment may make these processes useful 
for the conversion of sea water. 

Electrodialysis processes are the only 
membrane conversion processes which, 
at this time, have advanced beyond the 
research or laboratory stages of devel- 
opment. Commercial units are now 
available and a number are in use. 
These processes have become suffi- 
ciently developed, for one to have been 
for the first demonstration 
plant for the conversion of brackish 
water, which will have a capacity of 
about 250,000 gpd. Depending on the 
initial salt content of the water to be 
treated, it is anticipated that the cost 
of water from this plant will be in the 
range of 70-80 cents per 1,000 gal. 


selected 


Electrodialysis, particularly because 


DESALINIZATION—DEVELOP MENTS 


is a new process, is expected to un- 
dergo substantial improvement and cost 
reduction through additional research 
and development. 


Other membrane— 


processes, such as reverse osmosis and 
osmionisis, may be developed for com-_ 


mercial use. 


Freezing Processes 


The development of freezing proc- 
esses is very new. They have certain 


are direct freezing processes include 


one in which water vapor itself serves 
as a refrigerant and one utilizing < 


secondary refrigerant such as butane. 
A 15,000-gpd pilot plant incorporating — 


Several research and development 


groups working on direct freezing with 


secondary refrigerants are very opti- 


mistic about the possibilities of this — 


method. 
very encouraging. Conclusions as to 
the economic feasibility of freezing 


extensive pilot plant operations. 


Laboratory results have been 


Estimated conversion costs for freez-_ 


ing processes are in the range of $1 
or less per 1,000 gal. 
vantage of freezing processes in the 
conversion of brackish waters with a 


The possible ad- 


large content of calcium sulfate should — 
be noted. 


Other Processes 


In to other the 
one furthest advanced in the laboratory 
is that of solvent extraction. Addi- 
tional development will provide the an- 
swers concerning the financial aspects 
of the process. Its most promising 
application would be for the treatment 
of brackish waters containing 5,000—- 


regard processes, 
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Die 
10,000 ppm of dissolved 
newer conversion process, now becom- 
ing of great interest, on which labora- 
tory work has been carried out, in- 
volves the use of gas hydrates. The 
process utilizes a hydrocarbon gas, such 
as propane, to form hydrate crystals 
from which the desalted water can be 
recovered. 


solids. <A 


Conclusion 

An overall view of the saline-water 
conversion field makes clear that there 
is a progressive program of research 
and development in many areas and 
that more such activity is needed. 
Conversion costs are being reduced. 
At the same time, costs of fresh water 
from natural sources are rising. Use 
of conversion is increasing. In a num- 
her of places throughout the world, as 
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in the Persian Gulf area and Aruba in 
the Caribbean, many millions of gallons 
of fresh water for both industrial and 
domestic uses are being obtained from 
salt water every day. Continued ef- 
forts in basic research, in the develop- 
ment of processes, and in the operation 
of demonstration plants, and continued 
research on broad problems relating to 
scale, corrosion, and improved heat 
transfer, can result in better and lower- 
cost saline-water conversion. Thus, 
additional, enormous supplies of fresh 
water will become available at prices 
low enough to permit widespread use. 
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Processes utilizing membranes have, 
in recent years, received considerable 
attention with regard to saline-water 
conversion, both in experimental work 
and as pertains to actual commercial 
water production units. The most 
promising immediate applications ap- 
pear to be for the conversion of brack- 
ish waters rather than sea water. The 
first commercial saline-water conver- 
sion unit utilizing membranes in the 
electrodialysis process was introduced 
in 1954. The interest in membrane 
processes for conversion of — saline 
waters has grown steadily since then, 
and electrodialysis remains one of the 
more promising processes for the con- 
version of brackish waters. 


Characteristics of Membranes 


A membrane may be defined, from 
a conversion standpoint, as a sheetlike 


barrier that may function in one of two 
ways: It may be ion permeable—that 
is, it may pass ions and prevent the 
passage of water—as in electrodialysis, 
or it may be ion restraining—that is, 
it may prevent the passage of ions but 
permit the passage of water—hence an 
osmotic type of membrane. 
based on these membranes include the 
electrodialysis, osmionic, and reverse- 
osmosis processes. Electrodialysis is 
the best known among the membrane 
methods, because it was the first to 
The osmionic 


Processes 


be used commercially. 
process also utilizes the ion-permeable 
membrane ; the reverse-osmosis process 
uses the osmotic or ion-restraining 
membrane. 

The membrane processes differ from 
those of distillation and freezing in 
that no change of phase occurs. Also, 
in the membrane processes no tem- 
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perature change is required; hence, 
heat need not be added or removed 
from the water. Furthermore, electro- 
dialysis and osmionisis remove the salts 
from the water; distillation and freez- 
ing remove the water from the salts. 
In the electrodialysis process and, 
similarly, in the osmionic process, the 
electrical energy that must be supplied 
is proportional to the salt removed. 
Thus, waters of low salinity require a 
proportionately smaller amount of elec- 
trical energy as compared with waters 
of higher salinity. For processes such 
as distillation and freezing, for exam- 
ple, the energy required is relatively 
independent of the amount of salts 
present. The reverse-osmosis process 
resembles distillation in that the water 
is removed rather than the salts. Re- 
verse osmosis, however, resembles the 
other membrane processes in that there 
is no change of phase, no heat is sup- 
plied, and the osmotic pressures of less 
saline waters are correspondingly 
lower than those of more saline waters, 
such as sea water. Thus, the pressure 
required to effect water removal by re- 
verse osmosis is correspondingly less 
for waters of lower salinity. It is these 
characteristics that make the mem- 
brane processes generally more favora- 
ble for conversion of brackish waters 
than for conversion of sea water. 


Electrodialysis Membranes 


For those concerned with water con- 
version for municipal or industrial pur- 
poses, electrodialysis is of most im- 
mediate interest. A brief review of the 
basis for the electrodialysis process 
seems desirable, for its principles are 
generally not familiar to those in the 
water treatment field. The membranes 
themselves are the most vital compo- 
nent in the unit and hence warrant 
some discussion before the mechanics 
of the process are reviewed. 
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The ion-permeable membranes used 
in electrodialysis are of two types: the 
so-called cation membranes, which 
transmit cations (Na*, for example) 
but prevent passage of anions, and the 
anion membranes, which permit the 
passage of anions (Cl, for example) 
but prevent the passage of cations. 
These membranes owe their preferen- 
tial permeability to the ion-exchange 
materials that are a part of their com- 
position. Thus, they were originally 
referred to as ion-exchange membranes. 
When compared with ion exchange in 
conventional water treatment, the term 
“jon permeable” is more appropriate, 
because the membranes do not operate 
in a manner similar to ion exchangers 
in the usual sense as pertains to water 
treatment. It may be said that the 
membranes always operate in the fully 
regenerated state and never undergo 
a cycle of exchange and regeneration. 
They operate rather as a relay or trans- 
fer medium for the ions to which they 
are permeable. 

Figure | illustrates how the chemical 
structure of membranes makes possible 
the preferential transfer of either posi- 
tive or negative ions. As shown, the 
body of the membrane consists of an 
insoluble matrix to which are attached 
fixed charges. These charges are posi- 
tive for the anion-permeable membrane 
and negative for the cation-permeable 
membrane. Associated with each fixed 
charge is a mobile charge of opposite 
sign. Although the membranes pass 
only very limited amounts of water, 
even under a considerable hydraulic 
pressure gradient, they do contain a 
large quantity of water (30-40 per 
cent). Hence, mobile ions moving 
within the membrane matrix may be 
considered as traveling in a water solu- 
tion within the membranes, much as 
they do in a water solution outside the 
membranes. 
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Chemically, the insoluble matrix, 
with regard to the cation-permeable 
membrane, may be a polymeric sub- 
stance such as a phenol-aldehyde resin, 
a polystyrene-divinylbenzene copoly- 
mer, and the like. The active func- 
tional group, linked to the polymeric 
matrix to provide the fixed negative 
include the sulfonic 
(-COOH ), and 
The positive 
for 


charge, may 
(-SO,H), carboxyl 
similar acidic groups. 
ions within the saline water 
ample, Na’, Ca‘t, and Mg 

the mobile ions within the matrix, be- 


Mobile 
Positive - 
Charge 


Fixed 
Negative ——4 
Charge 


Cat 


The mobile positive charge pertains to such cations as Na‘, Ca 
the fixed negative charge, to such active groups as -SOsH, -COOH, and -OH, 
mobile negative charge pertains to such anions as Cl, SOx 
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charge on the matrix are prevented 
from entering the membrane. 

As regards the anion-permeable 
membrane, the insoluble matrix may be 
of typical polymers, such as the urea- 
formaldehyde, melamine-formaldehyde 
resins and the like. The active func- 
tional groups linked to the polymeric 
matrix to provide the fixed positive 
charge may be the quaternary ammo- 
nium, amino, guanidyl, and similar 
basic groups—that is, -NH., -NHR,* 
-NR,, and -NR,OH. The negatively 
charged ions within the saline water 


Mobile 
— Negative 
Charge 


Fixed 
—— Positive 
Charge 


Fig. 1. Chemical Structure of Membranes 


Mg’ K and H* 
The 


, COs -, and NOs; the 


fixed positive charge, to such active groups as -NH:, -NHR, -NR:, and -NR.OH. 
The thickness of the membranes ts 04-1 mm (0.010-0.040 in.). 


cause they can exchange with the mo- 
bile positive charges associated with 
the functional acidic group. In con- 
trast to this reaction, ions in the water 
solution having charges the same as 
those on the fixed charge of the matrix 
will be prevented from entering the 
membranes, because they cannot un- 
dergo the ion-exchange reaction with 
the mobile ions. This effect may be 
explained also by the well known rule 
that like charges repel; hence, ions 
having charges the same as the fixed 


ore 


such anions as Cl, SO, and CO, 
for example—become the mobile ions 
within the matrix, because they can 
exchange with the mobile negative 
charge associated with the functional 
Because of the ease with which 
ions can be exchanged 


group. 
the charged 
within the matrix, an electrical poten- 
tial, when applied across the solution, 
can readily move ions of the appropri- 
ate charge through the membranes. 


**R” represents polymers to which func- 


tional groups are attached. 
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From the standpoint of physical 
composition, the membranes may be 
divided into two categories: heterog- 
enous and homogenous. The former 
is composed of ion-exchange mate- 
rials held together in sheet form by 
an appropriate binder. The homog- 
enous membranes, in contrast, are of 
uniform composition, with the ion- 
exchange groupings an integral part 
of the sheet material. Most of the 
membranes used in the United States 
today are of the homogenous type. 
Another type of membrane, varying 
somewhat from the above categories, 
is formed by impregnating porous re- 
active substances, such as parchment- 
ized paper or cellophane, with solutions 
providing the ion-exchange materials. 
With regard to their strength, mem- 
branes are further classified into those 
that have an inert backing to provide 
strength and those that have no back- 
ing, but which rely on the actual mem- 
brane material to provide their neces- 
sary strength. To be satisfactory, from 
a technical standpoint, for use in elec- 
trodialysis, a membrane must meet 
various requirements. It should have 
a high degree of permeability—that is, 
it should pass only very few of the ions 
for which it is not intended to be per- 
meable. It should have a very low 
electrical resistance. It should be re- 
sistant to chemical and bacterial attack, 
particularly to pH changes, free chlo- 
rine, or other conditions that may be 
encountered in water treatment. Mod- 
erate temperature changes should not 
affect its operation. It should have a 
reasonable life, be durable, and not sub- 
ject to dimensional changes—that is, it 
should not develop cracks, wrinkles, 
shrinkage, or expansions that would 
prevent its effective use in an electro- 
dialysis cell. Fortunately, a number of 
satisfactory membranes are now avail- 


thick. 
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able. Electrodialysis would not have 
been possible without the membranes 
developed in recent years. 

Figure 2 shows what happens in the 
electrodialysis process. In the upper 
part of the figure is an electrodialysis 
unit with electrodes at either end, but 
with no current flowing. The vertical 
lines labeled A or C represent the mem- 
branes: A, the anion-permeable mem- 
brane; C, the cation-permeable mem- 
brane. The illustration shows an end 
view of the units and only the edges of 
the membranes. The membranes may 
be thought of as flat plastic sheets with 
a space between them for water flow. 
In the upper diagram, the unit is filled 
with saline water, but the current has 
not yet been turned on. Hence, there 
is no movement of the ions, and they 
will be equally distributed in the com- 
partments. When the current is turned 
on, the anions (CI-) start moving to- 
ward the anode, and are passed readily 
by the anion membrane, but find them- 
selves restrained by the cation mem- 
brane and unable to travel further. 
The cations (Na*) start moving to- 
ward the cathode and pass readily 
through the cation membrane, but find 
themselves stopped by the anion mem- 
brane. Hence, a condition as seen in 
the bottom portion of Fig. 2 results, 
with both anions and cations concen- 
trated in compartments, with the ad- 
joining compartments free of salt ions. 
The flow from the two series of com- 
partments can be channeled into two 
streams, one fresh water and one very 
salty. 

The thickness of the membranes may 
vary from a millimeter (0.040 in.) to 
as little as a few tenths of a millimeter. 
The space between the membranes, 
which carries the fluid stream, will 
generally be approximately a millimeter 
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Electrodialysis Unit 


the basic electro- 
as a 


Figure 3 shows 
dialysis unit, commonly known 
“stack.” The unit shown is a stack 
in the demineralizer * that was field 


tested under contract with the Office of 


ERNEST H. 
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hydraulic spacers between the mem- 
branes to provide the necessary flow 
paths for the water between the mem- 
branes or within the cells. Two mem- 
branes, one anion and one cation, with 
the hydraulic spacer in between, form 
a single cell. All gasketing in a stack 


+: 


Saline Water 


Fresh 
Water 


Fig. 2. 


The top unit, with the current turned off, ts filled with saline : 


Electrodialysis Process 


water. When the cur- 


rent is turned on, anions and cations become concentrated in alternate compartments, 


and the w 


ater in adjoining compartments becomes free of salt ions. 
labeled A or C represent membranes: A, the anion-permeable membrane ; C, 


vertical lines 
the cation- 


The 


permeable membrane. 


Saline Water. In this stack, the mem- 
branes are horizontal. There are 150 
cell pairs or a total of 300 membranes 
(150 anion and 150 cation), with 300 


* Manufactured by Ionics, Inc., Cambridge, 


Mass. 


such as the one shown is provided by 
the membranes and spacers themselves. 
All flow channels are manifolded within 
the stack itself by the appropriate cut- 
ting of holes within the membranes and 
spacers, so that when they are assem- 
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bled, a channel is provided through the 
unit. There are separate flow paths 
for the electrode stream, the product 
stream, and the waste stream. Elec 
trodes are located at either end of the 
stack. With this arrangement, the di 
rect current travels between the top 
and bottom ends of the stack, and 
water flows horizontally across the 
path of the current, from left to right. 


Research and Development 


The Office of Saline Water, early i1 
the saline-water conversion progran 
sponsored a development contract that 
resulted in the construction of a 25,000 
gpd pilot plant unit, field tested it 
Arizona and South Dakota during 
1955. The interior of the trailet 
mounted unit is shown in Fig. 4. Th 
unit consisted of four stacks, whicl 
when operated in series, could reduce 
the mineral content of water from 4,000 
ppm to 500 ppm, at the rate of 1,000 
gph, or approximately 20 gpm. The 


TABLE 1 


Analysis of Arizona Well Water 


! 
Concentration | Concentration 
in Untreated | in Demineralized 
Vater 
ppm 


Mineral 


Silica 3. 33 
Iron 0.04 
Calcium 99 
Magnesium 4.8 
Sodium 606 55 
Potassium 8.5 
Boron 1.0 
Bicarbonate | 360 
Sulfate 1,040 
Chloride 1,290 
Fluoride 0.6 
Nitrate 45 


lotal solids 3,830 


Hardness 1,850 


(as CaCo;) | 
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Fig. 3. Basic Electrodialysis Unit 


In this stack, there are 300 membranes— 
half of them anion membranes, half cation 
—and 300 hydraulic spacers in between. = 
current required was about 7 kwhr per _ 
1,000 ppm of salt removed from 1,000 
gal of water, or about 25 kwhr to re- 
duce the 4,000-ppm mineral content to 
300 ppm. Results of the field tests 
have been detailed in a report of the 
Office of Saline Water.t. An analysis 
of the well water treated in hj 
and the product water produced is 
given in Table 1. The analysis indi- 
cates that all the major opened 
were readily removed, with the excep- 
tion of silica and boron, which were | 
removed very little or not at all. : 
Although the field unit was for ex- 
perimental purposes, the stacks — 
the regular commercial type used at 
that time. It should be noted, in all 
fairness to the progress that has been 
made in the design and engineering 
of similar units, that at the present time 
the hydraulic capacity for the same size 


“3 
= 
im 
> 
| 


bad 


562 
stack is more than twice as great, and 
the percentage of demineralization per 
stage has also been increased. 

Field testing of the unit indicated 
to what extent the chemical character- 
istics of different brackish waters influ- 
ence the operation of an electrodialysis 


conversion unit. By comparison with 


Fig. 4. 


The trailer-mounted unit, field tested in 
carries four stacks, shown 


sea water, which is generally uniform 
in composition, there are almost as 
many types of brackish water as there 
are sources for it. Each water may 
have a somewhat different influence on 
the scaling, fouling, and brine waste 
flows that may be needed, 
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treatment required prior to conversion 
To a degree, this will be true regard- 
less of the process involved, for nearly 
all conversion processes encounter dif- 
ficulty with scaling. In electrodialysis 
for example, it has been found that the 
iron in the feedwater must be reduced 
to 0.3 ppm prior to entering the con- 


Interior of Demineralization Pilot Plant 


Arizona and South Dakota during 1955, 
standing along the left wall. 


version unit. Therefore, waters having 
no iron do not need to be pretreated 
for its removal. Also, it has been found 
that to avoid precipitation of calcium 
carbonate or magnesium hydroxide in 
the electrodialysis units, the brine 
stream must be adjusted in pH and 


3 


Vay 1960 


alkalinity to a nonscaling condition, as 
indicated by the Langelier saturation 
index. Furthermore, as is true also in 
other methods such as distillation, the 
minimum waste flow needed in an elec- 
trodialysis unit to prevent calcium sul- 
fate precipitation is dependent on the 
calcium and sulfate concentration in 
the feedwater. Water containing pri- 
marily sodium chloride or similar salts 
will require only a limited amount of 
waste flow as compared to water con- 
taining large amounts of calcium 
sulfate. 

Since the completion of the field 
test work, the Office of Saline Water 
has sponsored a program of electro- 
dialysis studies at the Bureau of Rec- 
lamation in Denver. In conjunction 
with the Denver work, research has 
also been sponsored in electrodialysis 
membranes at the Polytechnic Insti- 
tute of srooklyn in New York. The 
current work at Brooklyn Polytechnic 
is directed toward the preparation of 
a manual of laboratory testing proce- 
dures for membranes. Up to this 
time, there has not been any standard 
set of laboratory testing methods such 
as the ASTM methods used for other 
purposes. A manual laboratory 
test procedures should make possible 
a more uniform comparison and 
evaluation of membranes by all work- 
ers in the field. 

The studies at Denver have been 
primarily of membrane life and dura- 
bility, evaluation of new membranes, 
and evaluation of new cell designs. 
The studies of membrane life have 
indicated that a life of 3 years, which 
had been estimated for the membranes 
the field tests, was fully 


of 


used in 
justifiable. 
A number of new membranes and 
cell designs have been developed by 
various manufacturers in the last few 
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years. Only limited information 
available on these materials. 

purpose of the work at Denver to 
evaluate the performance of these new 
membranes and cell prototypes and to 
keep abreast of progress in the field, 
that the program may determine 
what areas need improvement and 
where Office of Saline Water funds_ 
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Fig. 5. Osmionic Demineralization Unit - 


Key: C, cation-permeable membrane ; 
anion-permeable membrane; and B, con- 
tinuous brine path. 


can best be spent to improve the proc- 


ess. In addition, the work at Denver 
supports the demonstration plant pro-_ 
gram. The Bureau of Reclamation has 
been chosen to represent the Office of 
Saline Water in the contract work re- 
lated to the construction of a 250,000- 
gpd electrodialysis plant, which is to” 
be the first brackish-water plant to be 
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: 
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constructed under Public Law 85-883. 

The demonstration plant should pro- 
vide much valuable information both 
for the prospective user of the electro- 
dialysis process and for the research 
and development engineer who is at- 
tempting to improve the process. The 
report on the field testing of the de- 
mineralizer provided much information 
to those interested in electrodialysis 
It is also expected that the report on 
the demonstration plant a few years 
hence will provide an even greater 
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tion in South Africa. Recently, Coa- 
linga, a small community in California, 
became the first town in the United 
States to obtain its drinking water sup- 
ply from converted brackish well water. 
use of an electrodialysis plant 
(28,000 gpd), the cost of its water 
was cut to about $1.50 per 1,000 gal, 
as compared to about $7.00 per 1,000 
gal it had cost to haul in drinking water. 
The site for the 250,000-gpd_ electro- 
dialysis demonstration plant to be built 
by the Office of Saline Water has not 
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Fig. 6. Multiple Arrangement of Three-Compartment Assembly 


The diagram shows two repeating single-stage membrane arrangements and fluid 


streams. B represents the path of brine. 


Numbers 1-3 designate the three compart- 


ments shown in Fig. 5. 


amount of valuable information to those 
interested in this process. 


Commercial Installations 


Commercial installations of electro- 
dialysis equipment are providing infor- 
mation on the cost of the process and 
its operating characteristics. Plants 
with capacities as large as 86,000 gpd 
are in operation, with the largest plant 
at Bahrein, on the Persian Gulf. A 
3,000,000-gpd plant is under construc- 


4 


yet been selected, but the plant will be 
located in either the Northern Great 
Plains or the arid area of the South- 
west. Depending on the initial salt 
content of the water to be treated, it 
is anticipated that the cost of the 
water from this plant will be in the 
range of 60-80 cents per 1,000 gal. 
Inasmuch as electrodialysis is, com- 
paratively speaking, in its earlier stages 
of development, continued research can 
be expected to lead to substantial im- 
provements and cost reductions. 
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Osmionic Process 


The osmionic process, developed by 
George Murphy of the University of 
Oklahoma, is now undergoing more 
extensive laboratory development at 
the Southern Research Institute at Bir- 
mingham. The name “osmionisis” was 
given the process by Murphy because 
of the osmotic and ionic forces involved 
in its operation. In principal, it is 
similar to the electrodialysis process 
and uses the same type of membranes. 
In osmionisis, however, no electrical 
current is employed; instead, the po- 
tential provided by a strong brine solu- 
tion, much more concentrated than the 
water being converted, removes the salt 
ions from the water, using the same 
membranes as in conventional electro- 
dialysis. The potential being utilized 
is that which exists between salt solu- 
tions of different concentrations and 
is commonly referred to in physical 
chemistry as a concentration potential. 

One advantage of osmionisis is that 
no electrical equipment is required, 
thus greatly simplifying the mechani- 
cal features of the process. A further 
advantage is that the energy required 
may be provided through any available 
salt brine, which may in turn be ob- 
tained from salt deposits, brine wells, 
or sea water that has been concentrated 
by solar evaporation. | Osmionisis, 
therefore, provides an indirect means 
of utilizing solar energy to supply the 
necessary electrical energy in a mem- 
brane process. 

The possible future potentials of the 
osmionic process have not yet been 
fully determined. Only laboratory 
units have been built to date, but con- 
sideration has been given to a larger 
prototype unit. The economics of the 
process is influenced considerably by 
the membrane areas required. At 
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present, osmionisis appears to be best 
adapted to brackish-water conversion. 
The process should offer promise for 
areas that can provide brackish waters 
and brines, but where electrical energy 
sources are limited or unavailable for 
other processes. The theory on which 
the process is based and the initial work 
by Murphy are described in a report 
of the Office of Saline Water.” 

In its simplest form, the osmionic cell — 
consists of four membranes, two anion- 
and two cation-selective membranes, 
making up three compartments (Fig. 
5). In actual operation, each of the 
three compartments initially contains 
the saline water to be demineralized, 
and the entire assembly, consisting of 
the three membrane compartments, is 
immersed in and surrounded by a brine 
solution. Demineralization is achieved 
in the following manner: The cations 
(Na* through the  cation-— 
permeable membrane (C), and the 
anions (CI-) pass through the anion- 
permeable membrane (A). This move-— 
ment of ions is electrostatically coupled 
with the simultaneous removal of nega- 
tive ions and positive ions from the 
water in Compartment 2, so that this 
water becomes demineralized or fresh 
water. In maintaining electrical neu- 
trality, it is sary that there be 
a continuous brine path (B) around 
the assembly, so that Na* ions can mi- 
grate to the left and Cl to the right, 
around the assembly. Compartments 
1 and 3 become enriched with salts and 
hence more saline than originally. The 
brine actually becomes a little less con- 
centrated because of the migration of 
ions into these two compartments. 
Therefore, the brine that supplies the 
power must be kept up to strength. 
Either an additional supply of brine 
must be available or the brine already 
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in use must be reconcentrated by such 
treatment as solar evaporation. 

The three-compartment assembly 
may be arranged in a multiple series. 
The flow of the fluid stream within 
such an arrangement is shown in Fig. 
6. It is desirabie to provide the short- 
est possible path of travel, between op- 
posite ends of the series of compart- 
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8x32 in., providing an active mem- 
brane area of 1.78 sq ft for each of the 
four membranes. The average distance 
between membranes is 0.028 in. One 
of the laboratory units consisted of 
twenty double-effect cells (120 mem- 
branes), with dimensions as described 
above. The cells were assembled in 
a loop in a brine solution (Fig. 7). 


AT Repeating Units 


\ 


Brine Overflow 


Fig. 7. Loop Arrangement of Three-Compartment Assembly 


Keach repeating unit ts made up of two cation-permeable and two anion-permeable 


membranes, as shown in the enlarged portion of the diagram, 
Numbers 1-3 designate the three compartments shown in Fig. 5. 


of brine. 


ments, for the positive and negative 
ions in the brine solution. Hence, it 
is desirable to arrange the series of 
compartments in a loop or head-to-tail 
arrangement (Fig. 7), so that a closed 
path for ion travel is provided. 

In a typical membrane pack used in 
a prototype unit at the Southern Re- 
search Institute, the membranes are 


B represents the path 


This unit had a capacity of about 1 
gph when demineralizing a water from 
3,500 ppm to 500 ppm. Work is con- 
tinuing at the Southern Research Insti- 
tute to determine both the membrane 
and operating characteristics of units 
having twenty or more cells that are 
used to convert brackish water to fresh 
water. 
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Reverse Osmosis 


Another membrane process that has 
been investigated extensively in the 
laboratory is the osmotic or reverse- 
osmosis method. The process depends 
on osmotic membranes—that is, mem- 
branes permeable to solvent but not 
to solute. Such membranes have long 
been known for some solutions—sugar 
in water or rubber in toluene—but prac- 
tical membranes for solutions of salt 
in water have not been developed. 
The function of an osmotic membrane 
is, however, well known. If a solution 
is placed on one side of the membrane, 
and pure water on the other, water will 
diffuse through the membrane from the 
pure-water side to the salt-water side. 
This flow can be prevented by exerting 
a certain pressure, called the osmotic 
pressure, on the salt water. If a pres- 
sure higher than the osmotic pressure 
is exerted on the salt water, the flow 
will be reversed, and pure water will 
be moved through the membrane from 
the salt solution; hence the term “re- 
verse For sea water, the 
osmotic pressure is about 350 psi; it is 
lower for less saline waters. 

Work on the reverse-osmosis process 
was initiated at the University of Flor- 
ida. The results of the Florida work 
have been published by the Office of 
Saline Water... It was demonstrated 
that conversion of sea or brackish 
water by this method is technically 
feasible, and a small laboratory unit 
capable of producing 2-8 gpd of con- 
verted water and 
tested. It was learned, however, that 
How rates and durability of available 
membranes must be improved before a 
practical unit can be developed. The 
major part of the study was therefore 
directed toward determining the the- 
oretical for the salt-rejecting 
properties of membranes, as a guide to 


osmosis.” 


was constructed 


basis 
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better membrane selection, and toward 
testing various commercial plastic films. 
The plastic films tested included poly- 
vinyl acetate, polyvinyl alcohol, rubber 
hydrochloride, nylon, polyethylene, and 
others. Of these, only cellulose acetate 
showed any notable salt-rejecting ef- 
fect, reducing the salt content of water 
forced through it by about 95 per cent. 
An improved cellulose acetate film was 
produced which reduced the salt con- 
tent by about 99 per cent. At 600 
psi, the flow rate through the film was 
0.11 ml/sq em/hr—that is, 5.84 gpd 
from each square yard of membrane. 

This film failed after 74 ml/sq cm 


(159 gal/sq yd) of water was treated. 


Its thickness was only about 6, but 
when supported on a porous porcelain 
backing, it withstood the high pressure 
used. Obviously, both the flow rate 
and the life of the film were unsatisfac- 


tory for a practical water-producing 


: > 
unit. 


Although suitable membranes are not — 


yet available, certain favorable charac- 
teristics of the method make additional 
research on this process seem desirable. 
The process is basically simple in prin- 


ciple, and the total energy required 


should be low. 
can be readily 
of reasonable assumptions regarding 
the operating conditions. A substan- 
tial part of the power required for pro- 
ducing the high pressures can be re- 
covered through a turbine. Efficiencies 
of 75 per cent for pumps and 80 per 
cent for turbines are conservative esti- 


The energy required 


mates for large units. If the pressure 
used is 600 psi, and 25 per cent of 
the water passes through the mem- 
brane before the remainder is rejected, 
the energy required will be 12.8 kwhr 
per 1,000 gal of fresh water produced. 
The possibility of such low energy re- 


quirements is one of the features that 


calculated on the basis 
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encourages further research to obtain 
suitable membranes for the process. 

Recently, the Office of Saline Water 
initiated further research on osmotic 
membranes under a contract with Radi- 
ations Applications Inc. of New York. 
These studies will emphasize particu- 
larly the possibility of using radiation 
grafting techniques to develop mem- 
branes having more suitable character- 
In addition to these studies, the 
University of California, under its own 
programs, is conducting research in 
the use of the reverse-osmosis principle. 


istics. 
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Freezing Processes—Dewey J. Sandell Jr. 


<1 paper presented by Dewey J. Sandell Jr., Director of Research, 


Carrier Corp., Syracuse, N.Y. 

Freezing processes for the separation 
of one component from a multicompo- 
nent chemical solution have been used 
for some time. Recent engineeering 
developments, however, indicate that 
these processes can be applied economi- 
cally to separate a potable water from 
a salt solution. 

Freezing processes may be classified 
as physical processes that separate 
water from saline solution. At first, 
this operation seems to be impractical 
because saline waters are approxi- 
mately 96.5 per cent water and 3.5 per 
cent salt. Therefore, why not simply 
take the small salt portions out and 
leave the large volume of water? The 
answer is obvious. Technically, the 
operation can be done either way, but 


the main problem is to do it economi- 
cally. This is the major reason that 
one hears today about the development 
of such processes as distillation, freez- 
ing, and membrane. A chemical solu- 
tion of sodium chloride and water at 
70°F requires, thermodynamically, a 
minimum isothermal work of 2.6 kwht 
to separate 1,000 gal of fresh wate 
from a 35,000-ppm saline solution. 
This assumes chemical reversibility of 
process and is independent of how the 
process is carried out. At 3.5 cents per 
kilowatt-hour, representative of elec- 
trical energy costs, this minimum the- 
oretical work would amount to about 
9 cents per 1,000 gal of water. It is 
well known that actual processes will 
be several times this theoretical cost. 
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Equilibrium Freezing Temperature — °F 


10 15 20 25 
Brine Salinity — ppm 107° 


Fig. 8. Equilibrium Freezing Curve for 
Sea Water 


{t 28.5°F, water begins to crystallize 
from a 3.5 per cent brine solution. 


Advantages of Process 


In the freezing process, advantage is 
taken of the fact that, depending on 
salt concentration, when the tempera- 
ture of a salt solution is lowered suffi- 
ciently, a separation of the components 
of the solution can be obtained. At 
28.5°F, water begins to crystallize from 
a 3.5 per cent brine solution (Fig. 8). 
The crystals are pure water in solid 
form and, when separated from the 
brine and melted, become the fresh- 
water product. One of the possible 
advantages of the freezing process is 
that approximately 150 Btu of heat per 
pound of solution must be removed to 
form a pound of pure water-ice. This 
compares to 1,000 Btu of heat per 
pound of solution that must be added 
to evaporate a pound of water from a 
saline solution. A part of this 1:7 en- 
ergy ratio advantage is lost, however, 
in the irreversible (heat transfer fluid 
pumping) portions of the process. 
Thus, the energy ratio is not an indi- 
cation of the actual cost ratio of ob- 
taining fresh water utilizing the freez- 
ing process instead of the distillation 
process. Figure 9 shows the minimum 
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energy requirements, in kilowatt-hours 
per 1,000 gal of fresh water, dependent | 


on the extraction ratio—that is, at 50 


per cent water removal the minimum _ 


is about 4 kwhr; and at 100 per cent, | 


12 kwhr, based on actual chemical ac- 
tivity coefficients. 


Types of Processes 


Indirect freezing. Freezing proc- 
esses can be divided into two major — 
categories—indirect and direct. In an 
indirect freezing process the salt water. 


comes in contact with a heat exchanger 


that has cold refrigerant fluid flowing 
inside. 


the exterior surfaces. 
similar to the household re- 


is formed on 
This is 


coil must be removed by a scraper or 
other mechanical device and subjected. 


to a separation process to remove the T 


brine that clings to the ice surfaces. 


Minimum Energy of Separation —kwhr per 1,000 gal Fresh Water 


0.2 0.4 0.6 08 1.0 
Extraction Ratio 


Fig. 9. Minimum Energy of Separation 


The data are for a 3.5 per cent sodium 


chloride solution at 77°F 2 lag 


The salt solution surrounding — 
this heat exchanger is cooled, and ice | 
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Because of the heat exchanger surfaces, 
secondary refrigerant cycle, and other 
mechanical equipment required, the in- 
direct freezing process is not economi- 
cal for saline-water conversion. Sev- 
eral system designs that utilize the 
indirect freezing method have been 
evaluated at Carrier Corp., Syracuse, 
N.Y., during the past 10 years. It 
has been concluded that the direct 


freezing process is more advantageous. 


Compressor 


Freezer Gravity 


Separator 


Ice and Brine 


Fig. 10. Direct Freeze Separation Process 


The process is a low-temperature (vac- 
uum) distillation. A portion of the water 
of the saline solution vaporizes, removing 
heat and forming water vapor and tce 
crystals in the brine mixture. 


Direct freeze separation. Ina direct 
freeze separation process (Fig. 10), 
precooled sea water is sprayed or 
otherwise distributed into an evacuated 
chamber. The pressure of the chamber 
is approximately 3.4 mm of mercury. 
Under these conditions, a portion of 
the water of the saline solution vapo- 
rizes, removing heat and forming water 
vapor and ice crystals in the brine mix- 
ture. Thus, the freezing is obtained by 
direct evaporation of water into vapor, 
and no indirect’ refrigeration heat- 
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transfer surface is required. Actually, 
the direct freezing process is similar 
to distillation; in fact, the process is 
a low-temperature distillation. The 
water vapor represents only about one- 
seventh the product water to be re- 
covered, but at this temperature the 
vapor volumes are tremendous : 340,000 
cfm for a 100,000-gpd capacity, which 
converts 50 per cent of the sea water 
into fresh water-ice. It is essential to 
recover the water vapor sprayed into 
the evacuated chamber; therefore, this 
water must be condensed and recov- 
ered as a fresh supply. The ice crys- 
tals formed during the direct freezing 
process are part of the brine mixture. 
The percentage of ice depends on the 
temperature and pressure conditions in 
the freezer. In the Carrier process, 50 
per cent of the water from the incoming 
3.5 per cent salt water solution is re- 
covered. The solution pumped to 
waste or back into the sea is about 7 
per cent brine. The percentage of 
water product is determined by costs 
of pumps, heat transfer surfaces, and 
energy requirements (electrical or 
steam). At about 50 per cent conver- 
sion, the costs are minimum. 

The ice-brine mixture is pumped 
into a separation device to extract the 
brine from the ice crystals. The de- 
vice may be a centrifuge, pressure ex- 
truder, or separation column. In the 
separation column, the ice floats or is 
forced by hydraulic-piston action to 
the top. The separated, heavier brine 
(7 per cent) flows to the bottom, owing 
to differences in specific gravity, and 
is discharged. The wash water added 
at the top of the column flows counter- 
current to the rising ice crystals, wash- 
ing the brine from the extended sur- 
faces of the ice. The 7 per cent brine, 
which is at a temperature of 25.5°F, 
is used to precool the incoming sea 
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water. The water vapor from the exchanger back to the absorber to re- 

freezer can be compressed to a pressure peat the cycle. The condensed water 

equivalent to the equilibrium pressure 

of water vapor at 32°F in a centrifugal 

or axial compressor. The vapor then 

condenses on the surface of the ice at 

the top of the column. This condensed 

vapor melts the ice, and the water ; 

formed becomes the fresh-water supply. or less salts converted to a product of 
An alternative method of handling 500 ppm or less) have been carried — 

the water vapor is shown in Fig. 11. out in Carrier Corp. laboratories dur- 
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Fig. 11. Alternative Direct Freeze Separation 


The process is the same as the one shown in Fig. 10, except that the water vapor ts 
absorbed by a chemical absorption cycle. 


The water vapor from the freezer is ing the past 5 years. Initially, the — 
absorbed by a chemical absorption evaluation of the freezer and column 
cycle. The absorbent soaks up the operation was done on small, glass 
water vapor in the absorber and be- laboratory models. These tests were 
comes dilute. This dilute solution is followed by extrapolation of equipment 
pumped to a generator, where it is sizes to a 300-gpd capacity. The 300- 
heated while passing over steam coils. gpd plant worked well, and the operat- 
The water vaporizes and is condensed ing results provided the information 
into fresh water. The concentrated needed for extrapolation of the Gesign 
absorbent is pumped through a heat to a larger system. 
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The design of a 15,000-gpd_ pilot 
plant was completed in November 
1958, and the construction and erec- 
tion of the facility began in December 
and was completed in September 1959 
(Fig. 12). The plant was dedicated 
by representatives of the Office of Sa- 
line Water on Oct. 14, 1959, at Syra- 
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equipment and operating costs for 
the direct freeze separation process in 
larger operations. The pilot plant will 
be disassembled, shipped to a seaside 
location to be chosen by the Office of 
Saline Water, erected, and operated 
there to obtain further information on 
reliability and performance during con- 


Fig. 12. 


Pilot Plant at Syracuse 


The 15,000-gpd plant will be operated for about 6 months at Syracuse, N.Y., then dis- 
assembled and shipped to a seaside location to obtain more information about its per- 
formance during continuous operation, 


cuse, N.Y., when it was placed on 
stream to begin making ice from syn- 
thetic sea water for the first time. It 
will be operated for about 6 months 
at Syracuse to insure that its opera- 
tional characteristics are technically 
feasible and to obtain results that can 
be used to estimate costs of capital 


tinuous operation. The work done on 
the development of this process since 
1956 has been sponsored jointly by the 
Office of Saline Water and Carrier 
Corp. 

Universities, research foundations, 
and industry in the United States, 
Israel, France, and Yugoslavia have 
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carried out research investigations of 
the freeze method for saline-water con- 
version. Studies of the method have 
increased markedly during the past few 
years. One process—being studied at 
Cornell University, the Blaw-Knox 
Co., Pittsburgh, Pa., and in Japan—is 
a direct freeze process, but instead of 
utilizing water vapor as the refrigerant, 
a hydrocarbon gas such as isobutane 
is used. 

Cornell process. The characteristics 
of the Cornell process can be described 
with reference to Fig. 10. Utilizing 
the hydrocarbon refrigerant, the freezer 
will operate at 12 psia, slightly below 
atmospheric pressure, rather than at 
the reduced pressure—3.4 mm of mer- 


cury—of the water vapor refrigerant. 
The vapor volumes of the butane, which 


is vaporized to freeze the ice crystals, 
are considerably less than the volume 
of water vapor and will require less 
compressor capacity for compression 
and condensation on the surface of the 
ice. The condensed butane liquid, 
however, must be separated from the 
product water by a decanting-stripper 
cycle. The Cornell process is being 
studied on a small bench-scale glass 
experimental model. 

The process, developed by Wiegandt, 
is based on the concept of direct freez- 
ing of sea water in contact with a hy- 
drocarbon refrigerant, such as butane. 
Because the handling of butane is haz- 
ardous, methylene chloride has thus 
far been used as the refrigerant. 
Major efforts at Cornell have been 
directed toward the development of a 
satisfactory separation process. The 
freezing and melting stages are similar 
to those employed by Carrier Corp. ; 
no problems are anticipated. 

A number of separation methods 
have been investigated. Most of these 
are based on the use of a separation col- 
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the generator to the separator. 

of the ice to rise to the top of the col- 
umn has also been experienced. 
filtration characteristics of the ice bed 


have seriously limited production rates. | 


Most recently, the 

method of ice bed propulsion has been 
found to give good results. Surpris- 
ingly, this operation is most efficient 
when small ice crystals are present. 
Work accomplished to date shows that _ 
displacement washing of small crystals | 
is effective in producing water of very 
low salinity. Further studies to deter- 
mine bed formation and compression 


from freely rising ice under conditions © 
of hydraulic-piston-bed movement are | 


being carried out. 
Blaw-Knox process. The 
currently being developed by the Blaw- 
Knox Co. is that of direct freezing, 
using butane as a secondary refrigerant. 
From the standpoint of cost and opera- 
tion, butane appears to be a satisfac- 
tory referigerant. butane— 


boils at 31°F, the freezer, melter, and — 


washer can be operated at nearly at- 


The 


process 


mospheric pressures. The formation 


of butane hydrate has been encoun- 


tered, but, as its decomposition ‘tem-_ 


perature is slightly below that at which 


butane is condensed, no problems are — 


anticipated. 
The Blaw-Knox 
in principle to that under development. 


process is similar 


at Cornell. The major difference and _ 
the | 


salient feature of the process is 
use of a commercially available extrac-_ 
tion device. This unit consists of a 
rotor, on which is mounted a 
of sector-shaped baskets, each provided 
with a perforated door. The rotor 
turns inside a vapor-tight tank. It is 


series 


planned to use the device as a freezer sal 


and melter. sea 


As the rotor turns, 


: 4 hy 
un, the major problem of which has a 
i en the transfer of ice slush from a 
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water mixed with butane is sprayed ti f cess has been calcul 

into the baskets in a given section of c 26 kwhr/1, al. 
the tank. The ice formed is separated ; 
from the mother liquor by displacement i 
washing. At the end of the circular 
path, when the perforated door of the \ate 

basket is disengaged, the washed and opeanty possible, so that be 


drained ice is dumped. Ice then flows 
to the melter, where the heat of butane 
condensation converts it to product 
water. The butane is separated from 
the water by continuous decantation, 
heat-exchanged against sea water feed, 
and recycled to the butane feed tank. 

The freezer is operated at 2°F below 
the freezing point of sea water. The 
melter is operated by condensing butane 
on the ice at 34°F. Laboratory experi- 
ments simulating washing by displace- 
ment with the rotor device have 
yielded ice with a salt content of less 
than 500 ppm. The energy consump- 
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tion of the process has been calculate 
to be about 26 kwhr/1,000 gal 


Economic Aspect 


Che economic objective is to obtai 
water by 
cheaply as 
used for domestic, agricultural, anc 
industrial uses. At the present time, it 
appears reasonable to expect that freez- 
ing processes will compete with other 
processes in reaching the objective of 
$0.50-$1.00 per 1,000 gal. The cost 
may be lower if waste heat from power 
plants or other processes can be 
utilized. 


conversion proce sses as 


Reference 


1. Curran, H. M. The E xtraction of Pota- 
ble Water From Salt Water By the 
Refrigeration Method. Proc. Intern. 
Cong. Refrig., 9th Congr., Paris (1955). 


A paper — by David M. Bradt, Ing. Mgr., The J. G. 


Eng. Corp., New York, N.Y. 


Distillation is the oldest process that 
has been satisfactory for the conversion 
of sea water to potable water. It is 
the only process that inherently pro- 
duces “pure” water. Very simply 
stated, distillation removes the pure- 
water molecules from sea water and 
leaves concentrated sea water or brine. 
The process is generally applied to sea 
water conversion because the concen- 
tration of salts in the water has a negli- 
gible effect on potability of the product 
water. 

In all distillation processes, the same 
basic principle is used. Water vapor 
or steam is produced from sea water; 
then the vapor is condensed and forms 
fresh water (Fig. 13). The product 
water is generally aerated before it is 


made available for human consump- 
tion. Sometimes, small amounts of 
sea water are added to the product to 
produce a palatable water that contains 
essential minerals. 


Multiple-Effect Distillation 


The process used almost exclusively 
in large-size plants, until about 5 years 
ago, was that known as multiple-effect 
submerged-tube evaporation. In this 
process, each evaporator consists of a 
tube bundle submerged in sea water. 
Steam or water vapor is inside the 
tube bundle, where it condenses and 
causes the salt water to boil and thus 
produce more water vapor. In_ the 
multiple-effect installation, the vapor 
from one evaporator passes to the 
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next, and so on, down the line (Fig. 
14). About four or five effects are 
the practical limit for this installation. 
The formation of scale has always in- 
terfered with the functioning of the 
evaporators, and operation has always 
been intermittent to allow for shut- 
downs for scale removal. Figure 15 
shows a_ multiple-effect distillation 
plant. Several large installations with 
capacities in excess of 1 mgd are in 
existence throughout the world, but. 
at this time, these installations can no 
longer compete with some of the newer 
installations, either in first cost or in 
operating cost. 


Flash-Type Distillation 


As the need for fresh water has in- 
creased, the multiple-effect flash-type 
plant has grown in popularity. This 
type of plant does not boil the sea water 
directly on a heating surface, but raises 
the temperature of the water while 
maintaining a slight pressure on it. 
The heated sea water is then passed 
through a series of flash chambers in 
which the pressure is reduced step by 
step toa low vacuum. As the pressure 
is reduced, a portion of the sea water 
flashes into vapor, which subsequently 
condenses and serves to heat the in- 
coming sea water. This condensed 
vapor is the fresh-water product. In 
recent years, large strides have been 
made toward increasing the efficiency 
of these units by the recirculation of 
the concentrated water and by 
various methods of scale control. Con- 
tinuing research, it is hoped, will allow 
higher operating temperatures without 
scaling and permit still higher thermal 
efficiencies 
Plants of this type are now projected to 
10-mgd or larger installations. In re- 
cent years, multiple-effect flash-type 
plants have _— more total salt 


sea 


and lower conversion costs. 
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Pt 
water conversion capacity than any of 
the other distillation processes. This 
process has been selected for one of the 
demonstration plants, and it is hoped 
that conversion costs in the order of 
$1 per 1,000 gal, based on standard cost 
procedures of the Office of Saline 
Water, will be achieved. 


Long-Tube Vertical Evaporator 


another new type of con- 
which long-tube 


Recently, 


version process, in 


vertical evaporators (Fig. 16) are used, 
The application 


has been proposed. 


Evaporator 
or Still 


Sea Water 


Steam Fresh-Water 


Distillate 
Brine 


Fig. 13. Simple Distillation 


Condensate 


Water vapor is produced from sea water 
and condensed to form fresh water. The 
product is generally aerated before being 
made available for human consumption, 


of this evaporator to sea water conver- | 


sion was first suggested by W. L. Bad- 
ger as an adaptation of a process long 
used in the salt and paper industries. 
In this process, the sea water passes 


through the plant only once, and the — 


retention time is quite short. In addi- 
tion, a magnesium hydroxide slurry is 
to be circulated with the sea water. It 
has been demonstrated that, by the use 
of this technique, the evaporator can 
operate continuously without any scale 
formation. The Office of Saline Water 
is designing a 1l-mgd demonstration 
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Cooling Water 


Vacuum 


22 in. Hg 


Sea Water 


Steam, 35 psia, 
259°F 


Condensate 


‘ 
Returned to Boiler ' 
Fresh-Water Distillate 


Fig. 14. Multiple-Effect Distiilation 


The vapor from one evaporator passes to the next one, and so on. About four or 
five effects are the practical limit for this type of installation. 


Fig. 15. Triple-Effect Evaporator at Kuwait 


These installations can no longer compete with newer installations, such as flash- 
type plants. : 
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plant using the principle of this 
rator. It is hoped that the plant will | ad 
demonstrate that the conversion of sea — 
water at a net cost of approximately $1_ 


Centrifugal 
Catch-All 


per 1,000 gal is practical in large-size 
plants. 


Vapor Compression Plant 


Another type of evaporation process 
that has found widespread use in units 
with capacities as large as 50,000 gpd 
is the vapor compression plant. This 
plant does not require any appreciable 
quantity of excess sea water for con- 
densing purposes, and can be made a 
completely self-contained unit. In this 
process, the steam or vapor is com- 
pressed and then condensed in an 


evaporator, in which more steam is 
formed and in turn compressed. The © 


only energy required is for the com- 
pressor drive, which can, of course, be 
either an engine, a turbine, or an elec- 
tric motor. This process was used 
widely during the last war for small 
shipboard units and for isolated mili- 
tary units. A great deal of work is 
now in progress to develop large units 
that will operate economically on a con- 
tinuous basis without scaling prob- 
lems. Recent developments adapting 
forced circulation techniques to this 
process and developments using low- 
temperature operation, as well as meth- 
ods aimed at attaining improved heat- 
transfer coefficients, will speed the per- 
fection of vapor compression plants. 
Advances in compressor technology 
further increase the potential. 


Conclusion 


Distillation processes are the only 
ones available today for the production 
of large amounts of fresh water from 
the sea. The word “today” must be 
stressed, for advances in other proc- 
esses also show great promise. The 
economics involved in distillation proc- 
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Vapor Head 
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ty 
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Goin’ 
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Brine 


Sea Water Outlet 


Inlet 


Fig. 16. Long-Tube Vertical Evaporator 


The Office of Saline Water is designing 7 

a 1-mgd demonstration plant that will — 

utilize the principle on which this evapo- 
rator operates. 


esses can lead to a never ending dis- 
cussion. Suffice it to say that at this 
time the cost of the processes is not as 
low as the cost of piping fresh water for — 
many miles, if a source is available. 
The source and type of energy for the 
distillation process are of prime impor- 
tance in economic evaluations. All of 
these processes can be _ integrated 
with power-generating or process fa- 
cilities, thereby increasing the economic 
advantage. 
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, A paper presented by George O. G. 
= r for the Future, Washington, D.C. 


P Several factors make it convenient 
to separate a discussion of solar distil- 
lation from a discussion of distillation 
by conventional processes using fuels. 
In addition to the difference in the type 
of energy employed, there are large 
differences in equipment design, oper- 
ating requirements, and the economic 
aspects of the processes. Similarities 
between solar and conventional distilla- 
tion methods are really no greater than 
those between solar and nonevapora- 
tive systems. 

The characteristics of solar energy 
make it both favorable and unfavorable 
for process purposes. Although this 
energy is universally available in enor- 
mous quantity, it is intermittent and 
at a low intensity level. The solar en- 
ergy reaching the United States is 
about 1,700 times as great as the total 
energy requirements of the country. 
Its average daily intensity is approxi- 
mately 1,500 Btu/sq ft across the na- 
tion; in the Southwest, the average ap- 
proaches 2,000 Btu/sq ft. Maximum 
hourly energy is about 300 Btu/sq ft, 
a very low heat transfer rate in com- 
parison with 100,000 Btu/hr/sq ft 
commonly employed in steam boilers 
and other equipment. It is at once evi- 
dent that large surfaces must be pro- 
vided for the collection of solar energy 
and for its delivery as heat. There- 
fore, it is necessary to minimize the cost 
of such heat transfer surfaces if the 
fixed costs on the investment are to be 
within practical limits. 


General Principles 


As in conventional distillation, there 
are three essential parts to a solar dis- 
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tiller: the heat supply unit, the evapo- 
rator, and the condenser. In solar dis- 
tillation equipment, these components 
may be separate, or they may be par- 
tially or completely combined into ¢ 
single unit. 

Single-effect or multiple-effect evapo- 
rators of conventional type may _ be 
operated by means of steam or another 
heat source produced in some kind o 
solar heating unit. The temperature 
requirements for such a heat source 
are not severe, in many instances being 
somewhat less than, or at least approxi- 
mately that of, the normal boiling point 
of water. A solar heat collector suit- 
able for these temperature levels com- 
prises a black, heat-absorbing meta 
surface in contact with small tubes 
through which water or some other 
fluid is circulated, and above which one 
or more transparent surfaces of glass 
or plastic are supported. Solar energy 
is absorbed on the black surface anc 
conducted to the circulating fluid 
thereby increasing its temperature or 
vaporizing it. The transparent covers 
reduce the rate of heat escape to the 
atmosphere, and insulation on the bot- 
tom of the collector panel minimizes 
heat loss. In a sunny climate, solar 
collection efficiencies approximating 50 
per cent of the incident energy can be 
achieved under these conditions. 

Another device for producing steam 
by means of solar energy is a focusing 
reflector that concentrates solar energy 
on a smaller target, which is itself 
heat transfer unit in which steam or 
heated fluid may be produced. Higher 
temperatures are possible with such 
a system, at comparable efficiencies, but 
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the unit must be moved to follow the 
apparent motion of the sun. 

Both the above types of solar collec- 
tion equipment have been extensively 
tested and have been proved capable of 
generating heat at temperatures neces- 
sary for water distillation in conven- 
tional equipment. It has been found, 
however, from previous studies of solar 
distillation economics that the cost of 
solar collector equipment, particularly 
of the focusing type, is too great for 
competitive heat supply in the United 
States. Instead of typical heat costs 
in large quantity about 50 cents per 
1,000,000 Btu—amortization of solar 
equipment at presently estimated con- 
struction costs would be several dollars 
per 1,000,000 Btu. And because there 
would be no savings in distiller plant 
investment, economic comparison must 
be based on heat costs alone. More- 
over, unless some form of heat storage 
were provided, the distillation plant 
could operate only during sunny hours. 
With such a low load factor on expen- 
sive equipment, demineralized water 
would be even more expensive, because 
much of the time the distillation plant 
would be idle. Thus, the supply of 
solar heat to a conventional plant does 
not appear economically practical. 


Combination Units 


Solar collector and water distiller. 
If solar energy is absorbed directly in 
salt water or on a surface in contact 
with the water, evaporation can be car- 
ried out in the solar unit itself. The 
resulting vapor may be delivered to 
an external water-cooled condenser, 
and distilled water will be produced. 
In such an arrangement, the costly 
evaporation plant is eliminated by the 
solar-energy collection system. 

There are several designs by means 
of which this combination process can 
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be accomplished. A shallow basin pro-— 
vided with a heat-absorbing cover, such 
as black metal, can be employed. The 
mixture of water vapor and air in the 
space between the water surface and 
the cover can then be circulated to an 
external condenser, the air being re- 
cycled to the distiller. A transparent 
cover may be used instead of the 
opaque cover, with a _ black, heat- 
absorbing surface in contact with the 
salt water. In another arrangement, 
the water itself may be colored with a 
dye to absorb the energy. Circulation 
of the vapor-air mixture to an external 
condenser results in fresh-water pro- 
duction. 


operate a distiller of this type at the © 


boiling point of water, thereby elimi-— 
nating air from the vapor mixture. 
But such an operation would require 
the use of several layers of transparent-_ 
covering surface to ‘achieve the de sired 
temperatures at satisfactory efficiency. 


Several distillers of this type have 


been tested, and some of them may ulti- 
mately prove practical. 
tialities of a similar combination, which © 
involves no external condenser, Sc 
considerably greater. 

Solar collector, distiller, 
denser. There are two principal sys- 


But the poten- 


and con-— 


It would also be possible to | 


‘ 


tems of solar distillation which provide | 


all the essential operating functions in 
one piece of apparatus. These are the 


basin type and the tilted, or wick, type. — 


Although water distillation in a 
solar-basin still is an old process, im- 
prevements in equipment design, 
sulting chiefly in the minimization of 
construction costs and extension of 
service life, have been quite recent. 
This type of distillation unit (Fig. 17) 
comprises essentially a shallow basin 
of salt water, the bottom of which is_ 
comparatively black, and above which 
sloping transparent surfaces of 
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or plastic are provided. The trans- 
parent surfaces slope downward into 
small channels or troughs at the sides 
of the long, narrow basins. Connec- 
“tions are provided for a supply of salt 
water to the basin, overflow of brine 
from the basin, and drainage of distilled 
water from the collecting troughs. In 
operation, solar energy is absorbed on 
the black bottom of the basin, and the 
salt water is warmed to temperatures 
as high as about 160°F. Water vapo- 


\ 


Solar Energy v4 


continuously or intermittently added 
to make up for evaporation and brine 
discard. 

If a shallow layer of water is em- 
ployed—ttypically about an inch deep— 
the water is cold at sunrise, and during 
the first 2 or 3 hours of the day, its 
temperature rises without much dis 
tillation. Through the middle part of 
a sunny day, the water temperature is 
150°F or more; evaporation from the 
basin takes place, and the vapor con 


\ 


Glass 


Condensed Vapor — 


Salt Water 


Distilled 
Water 


The transparent surfaces slope downward into small channels or troughs. 
densate runs down the sloping surfaces, into the troughs, and out to storage. 


Distille 
Water 


Fig. 17. Basin-Type Solar Distiller _ 


The con- 
A por- 


tion of the unevaporated salt water is run to waste, to prevent salt deposition in the 
basin. 


rizes into the air space above the pond 
and, instead of circulating to an ex- 
ternal condenser as previously de- 
scribed, condenses on the cooler, trans- 
parent cover surfaces. In effect, an 
air-cooled condenser covers the dis- 
tiller basin. The condensate runs down 
the sloping covers into the troughs and 
out to storage. Unevaporated salt 
water is drained from the basin and 
discarded. Salt water feed may be 


denses on the transparent covers at 
100°-120°F. The rate of evaporation 
decreases as the sun drops lower in 
the sky in the late afternoon; the water 
temperature goes down; and distilla- 
tion ceases at about sunset or shortly 
thereafter. Typical water production 
rates in a well designed distiller may 
be 0.1-0.15 gpd/sq ft at solar inten- 
sities of 2,000-2,600 Btu/sq ft/day. 
This distillation rate is equivalent 
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roughly to about 50 per cent efficiency 
in converting solar radiation to heat 
for water vaporization. 

If a deeper layer of salt water is 
used—about 1 ft, for example—the 
water temperature does not change 
nearly as much during the 24-hr pe- 
riod, nor does it get as high as in the 
shallow-basin distiller. Because con- 
siderable heat is stored in the deep 
pond of water, distillation continues 
after sunset and through the night, ac- 
companied by a basin temperature de- 
crease of a few degrees. On the fol- 
lowing day, the water temperature 
again rises as distillation proceeds. As 
a result, distilled-water production is 
more uniform throughout the 24-hr 
period, but the total quantity of dis- 
tilled water produced is not signifi- 
cantly different from that produced by 
the shallow still. In other words, a 
50 per cent solar utilization efficiency 


may be roughly applied to this type of 
distiller also. 

The advantages of the deep basin are 
its simplicity, durability, and low-cost 


potential. Because it is constructed of 
common building materials, directly on 
the ground, standard construction tech- 
niques can be employed. No insula- 
tion is required beneath the basin, 
because the ground acts as a heat stor- 
age system of infinite capacity, absorb- 
ing and returning heat by temperature 
changes near the ground surface. 

A variation in the shallow-basin de- 
sign that has received important atten- 
tion recently is one employing plastic 
films for basin and cover surfaces. A 
thin black film, such as polyethylene, 
may be draped over low retaining walls 
to form a shallow, watertight basin 
over which a durable polyester film * 
may be employed as the transparent 


* Such as Weatherable Mylar or Teslar, 
manufactured by E. I. du Pont de Nemours 
& Co., Wilmington, Del. 
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cover. By means of internal supports | 
or by simple air inflation at low pres- 
sure, the transparent cover film can be 
maintained in a comparatively firm and 
smooth contour over the basin. The — 
operation of this distiller takes place in 
a manner similar to that previously de- 
scribed. As in the deep-basin design, 
construction directly on the ground, 
without bottom insulation, appears to 
be the most practical design. 

In effect, the wick type of solar dis- 
tiller is a basin still tilted to face the 
sun more directly. Continual move- 
ment of the distiller to face the sun has 
generally not been attempted; instead, 
the distiller has been tilted to the south 
at a favorable, fixed position. A sur- 
face thus oriented, in the southern part 
of the United States, will intercept 
5-10 per cent more radiation in the 
summer and as much as twice as much 
radiation in the winter as the equivalent 
horizontal area. Thus, additional en- 
ergy per square foot of heat-absorbing 
surface is available for evaporation. __ 

The maintenance of a wetted black 
surface has been accomplished by use 
of a fabric stretched or otherwise sup- 
ported on a tilted frame, to which salt 
water is fed at the proper rate. Evapo- 
ration from the black, porous surface 
occurs when it is irradiated by the sun; 
water condenses on the transparent 
covering window and, in some designs, 
also on a transparent or opaque sur- 
face behind the wick. Similar results 
have been secured in a tilted still in 
which saline water is maintained on a 
sloping, hard, black surface by use of 
low ridges or recesses to retain water — 
on the surface and to permit its slow 
travel to the lower edge of the inclined 
evaporation area. Still another design 
provides vertical wicks in a plastic-film 
envelope-type enclosure. 

The combination of solar collector, — 
distiller, and condenser, of basin and 7 


- 


« 
= 
i 
4 q 
3 
, 4 
> 
e 
4 


+ GEORGE 0. G. LOF 


has a distinct economic 
nents previously described. First, the 
‘quantity of equipment is minimized. 
Second, the materials of construction 


are inherently inexpensive, because 


In particular, the excessive cost of an 
idle evaporator and condenser plant is 
avoided. Fourth, unskilled labor, both 
for construction and operation, is ade- 
_ quate, an advantage particularly impor- 


Fig. 18. 


At this station in Florida, different solar distiller units are being tested. 
right in the photograph are deep-basin, glass-covered distillers. 
inflated, plastic-covered distillers. 


tant in some foreign countries where 
skilled personnel are unobtainable. 
Certain disadvantages are also evi- 
dent in the combination units. There 
appears to be no practical method for 
securing multiple-effect evaporation, at 
least with present designs. This limits 
the productivity of these units to ap- 
proximately 0.1 gpd/sq ft, or roughly 
4,000 gpd per acre. The large area 
requirement for sizeable water produc- 
tion is, therefore, a second disadvan- 
tage, common, however, to all types of 
solar-operated equipment. 


Jour. AWW. 


In addition to the basin and wic 
types of solar still, several others hav 
been investigated. One of these em 
ploys a multiple-effect principle throug 
the use of several wick assemblies in 
stack. Solar-distilled water from th 
first wick surface serves as the hea 
supply to the second, and so on. An 
other design involves the vaporizatio 
of water through a porous plastic fil: 
that is permeable to vapor but not t 
liquid. These and several other nev 
concepts are not sufficiently well devel 
oped to permit economic evaluation, bu 
efforts are being made to develop thes 


Solar Research Station at Daytona Beach 


On th 
On the left are th 


Economic Problems 7 


The foregoing discussion shows that 
the technology of solar distillation of 
saline water is comparatively simple 


and well developed. Although modest 
increases in efficiency may yet be 
achieved by technical improvements in 
materials and design, the primary re 
quirement appears to be a reduction i 
the cost of distiller construction. This 
is being approached in two ways. One 
effort is exemplified by the plastic-film 
units described above, which involv 
significantly lower material costs and 
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moderate labor expense for construc- 
tion. These materials and techniques 
will probably permit a minimum invest- 
ment in solar distillers. Amortization 
of the investment over the expected life 
of the equipment should result in water 
production costs competitive with the 
best demineralization methods. 

The other approach to maximum 
economy is typified by the deep-basin 
still, in which only very durable mate- 
rials are utilized in the simplest and 
cheapest possible design. Although 
the deep-basin still is initially more 
expensive than the plastic distiller, its 
longer service life puts it in the same 
economic range as the plastic distiller 
per unit of output. Undoubtedly, both 


basic designs can be further simplified, 
and, possibly, some of the wick types 
may prove useful, particularly in small, 
family-size distillers. 

It is extremely difficult to make con- 
fident predictions on the cost of solar- 


distilled water, because, as yet, no 
large plants have been built, and the 
construction costs on the several types 
undergoing tests have not been well 
established. As very rough estimates, 
however, the following figures may be 
considered. In a sunny climate, about 
30 sq ft of a basin distiller is required 
for the annual production of 1,000 gal 
of distilled water. If a durable distiller 
can be built for $1 per square foot, 
if a 50-year life can be achieve:', and 
if maintenance is practically negligibie, 
amortization of the plant at 2 per cent 
per year, and other fixed costs at 4 
per cent, would place the cost of solar- 
distilled water from such a unit at 
$1.80 per 1,000 gal. If the distiller 
can be built in very large sizes for little 
more than the costs of materials them- 
selves, by virtue of large-scale con- 
struction economies, a potential cost 
of $1 per 1,000 gal can be predicted. 
With preassembled plastic-film distill- 


ers, construction costs of less than 50 
cents per square foot can be foreseen. 
The durability of these materials under 
practical operating conditions is uncer- 
tain, but if a 10-year life and a con- 
struction cost of 25 cents per square 
foot in very large quantity are assumed, 
amortization and fixed charges would 
be about $1 per 1,000 gal. 

As is evident from the costs of other 
processes, these prices are competitive, 
and, in some situations, solar distilla- 
tion might be the most economical 
method. Much development work has 
to be done, however, before the low 
costs can be realized. To this end, 
several development programs in the 
United States and abroad are in 
progress. 
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Development Programs 


Several solar distillation development 
projects have been carried forward by 
the Office of Saline Water since the 
establishment of the program in 1952. 
Most of these studies have been di- 
rected toward the development of 
basin-type and wick-type solar distiller 
plants and the evaluation of these in 
relation to other demineralization meth- — 
ods. Early in 1958, a field station for 
testing the more promising designs was 
established by the Office of Saline 
Water at Daytona Beach, Fla. Battelle 
Memorial Institute was engaged to — 
operate the pilot plant installation. 

At the present time, three solar dis- 
tillation plants are being tested at the 
Daytona Beach field station (Fig. 18) : 
a 2,500-sq ft, glass-covered, deep-basin 
still, essentially as described above; a 
2,500-sq ft distiller, employing poly- 
ester film * for the transparent cover 
surface; and a small, 500-sq ft plastic 
still in which another polyester film ¢ 
is used. The deep-basin, glass-covered 

* Mylar. 

tTeslar. 


| 


| : 
| 
7 


GEORGE 0. G. LOF Jour. AWWA 


still is provided with side walls and 
basin partitions of concrete block, glass 
supports of redwood and gaskets of 


cated asphalt slabs. In the two plastic 
stills, low curb walls of concrete block 
are used, and black polyethylene film 
forms the basin bottom. The trans- 
parent covers are supported by slight 
air pressure supplied by a small blower. 
These first units are undergoing con- 
siderable modification while testing is 

in progress. Only preliminary results 

of performance are now available, and, 

in general, they confirm the estimates 
made. Plans for continuing this pro- 


* 


gram involve further performance test- 


permit evaluation, for the first time, of 
the various heat losses occurring in 


“maintenance requirements and_ the 
probable useful life of these units, and 
_ studies of design changes and improve- 
-ments leading to more economical con- 
struction and increased productivity. 

Also planned at the Daytona Beach 

test station is the construction of two 
more additional solar distillation 
units of the tilted-wick type and the 
_vertical-wick type enclosed in plastic. 
These will be comparatively small 
units, but of a size adequate for evalu- 
ation of relative productivity and oper- 
ating requirements. If other modifica- 
_ tions or designs are developed and 
“seem promising as potential low-cost 
water producers, they will be field 
tested at this installation also. 

As part of a comprehensive saline- 
demineralization investigation, Califor- 
nia has sponsored  solar-distillation 
studies at the University of California 
for several years. Numerous small dis- 
tillers have been built and tested at that 
institution. Most of these are similar 
to those being developed by the Office 
of Saline Water. 


Considerable work in this field is 
being done abroad, particularly in Al- 
geria and Australia. The emphasis 
there is on small solar distillers capable 
of supplying drinking water for an 
average family or for a few domestic 
animals. Commercial units of 1—-5-gpd 
capacity are being produced in both 
countries for rural use, particularly for 
distillation of brackish ground water 
They are of a type employing a 15-30 
sq ft asbestos-cement basin and sloping 
glass covers. 


Future Prospects 


Although solar distillation of salin« 
water is an old process, very little 
modern design work has been applied 
to this system. In the few years since 
the saline-water program was initiated 
in this country, substantial advances 
toward an economical solar distillatior 
process have been made. 

No demineralization process, includ 
ing solar distillation, can be expecte 
to produce water at costs competitiv 
with naturally occurring fresh wate 
at most locations. There now are situ 
ations, and these will multiply in the 
years ahead, where even expensive 
water is in demand. There is ever 
reason to expect that in sunny climates 
particularly in certain foreign coun 
tries where fuel is comparatively ex 
pensive, solar distillation of sea wate 
will be an important process for de 
mineralization. It is possible tha 
small family-sized units may be widel 
used in some of these areas. Whet 
designs have been further simplifiec 
and economies achieved, plants witl 
large capacities should begin to appear 
probably first in foreign countries. 
And in the arid and sunny climates of 
southwestern United States, and in 
some of its territorial possessions 
solar distillers can be expected to be 
come a significant part of the wate: 
supply system. 
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OALINGA, Calif., with a popula- 


tion of approximately 6,300, is 
located in a small valley, at an eleva- 
tion of 671 ft, almost surrounded by 
low, barren hills. The average maxi- 
mum summer temperature is 103°F. 
The annual average rainfall is 7 in. 
The ground water table is fed from 
the Coast Range Mountains, and the 
water is very hard and unpalatable. 

The Southern Pacific Railroad came 
to Coalinga in 1887, long before the 
incorporation of the city. Soon after 
the coming of the railroad, drinking 
water was hauled to Coalinga by rail 
tank cars. For several years, the water 
was dumped into an underground cis- 
tern and then pumped with a hand 
pump and sold for 10 cents a bucket. 
This old cistern, abandoned about 55 
years ago, is still visible today. After 
the abandonment of the cistern, drink- 
ing water was hauled by horse and 
wagon to each home and stored in an 
80-gal tank in the front yard. On hot 
summer days, the water would get 
very warm. 

The city acquired both hard- and 
soft-water systems from private inter- 
ests in 1917. In 1923, a soft-water 
storage tank was built on a tower. 
Water was pumped from the railroad 


tank cars to the tower and then dis- * 
> 


tributed by tank truck to homes. Dur- 
ing this time, the city was drilling deep 
wells within the city limits to expand 
the hard-water system, but always with 
the hope that a potable soft-water sup- 
ply would be found locally. 

In 1926, city crews began building 
a soft-water distribution system, paral- 
leling the existing hard-water system. 
It was not until Jan. 1, 1931, that the 
tank truck distributor was retired, and 
every house was connected to the soft- 
water mains. These mains are 0.5-2 in. 
in diameter. For the last 28 years, soft 
water has been brought in by railroad 
from Armona, Calif., most recently at 
a cost of $7.05 per 1,000 gal at the rail 
head. This Armona water is an excel- 
lent tasting, soft water, sold to the con- 
sumers for about a cent a gallon. The 
average per capita use of the water is — 
about 3 gpd. At most homes, this 
water is piped to a single tap at the 
kitchen sink and is used primarily for 
drinking and cooking. 


Plant Costs 


The high cost of the soft water and 
the inconvenience of handling it by 
tank car was the reason for acquiring: 
a demineralization plant. Two years 
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ago, the city learned of a demineraliz- 
ing process developed by Ionics, Inc., 
Cambridge, Mass., and invited the com- 
pany to evaluate the possibilities of 
demineralizing its hard-water supply. 
The company agreed to set up a pilot 
plant so that the process could be dem- 
onstrated to produce a water of accept- 
able potability. The pilot plant was 


alent. 


Fig. 1. 


Four demineralizer units (stacks) are shown in the foreground. 
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company for the installation of a full- 
scale, 28,000-gpd (20-gpm) plant. 
The cost of the plant was more than 
$80,000. The city, rather than sell 
bonds to pay for the project, entered 
into a lease-purchase arrangement with 
the company, and is now renting the 
unit (plus certain accessories not cov- 
ered by the original offer) for $2,500 


Interior of Demineralization Plant 


The raw-water inlet, 


control valves, pressure control, and cartridge filters are shown at the far left. 


operated in Coalinga for 3 months in 


1958. During this period, people were 
invited to taste and use the demineral- 
ized water and to compare it with the 
Armona water available from an adja- 
cent tap. The pilot plant performed as 
predicted, and the general public re- 
action was favorable. As a result, the 
city entered into a contract with the 


wa” 


a month, This rent may apply on the 
purchase price. At the end of a 30- 
month option period, the city can buy 
the plant by paying a balance of 
$21,000. With this arrangement, the 
full cost of the treatment equipment 
installed, plus all interest charges, will 
be $96,000. The total cost to the city 
for the treatment facility, including 
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building, installation, and connection 
charges, is $105,000. 

The city also has a contract with 
the company for service and replace- 
ment parts, at a cost of $350 a month. 
Under this contract, the city is entitled 
to two service calls a year from a com- 
pany engineer, plus the right to pur- 
chase additional or emergency service 
and all stack replacement parts at half 
price. 


Equipment and Process 

The process of electrodialysis em- 
ploys a unique application of ion- 
exchange resins for removing minerals 
from water. The equipment used in a 
demineralization plant (Fig. 1) in- 
cludes : one or more demineralizer units, 
electrical equipment, pumps, chemical- 
feed equipment, filters, and hydraulic 
and electrical controls. A demineral- 
izer unit is known as a “stack,” which 
may be thought of as a many-layered 
sandwich (Fig. 2). Each pair of one 
type of layer represents two different 
kinds of ion-exchange membrane sheets 
that are permeable on a selective basis 
(‘“‘permselective” )—that is, permeable 
to charged ions under certain condi- 
tions and impermeable to water. One 
membrane is permeable to positive 
ions (cations); the other, permeable 
to negative ions (anions). The other 
types of layers are spacers with chan- 
nels cut in them; one spacer for water 
being demineralized, the other spacer 
for waste water. 

Water passes through the spacers in 
parallel. There are 150 sets of layers 
in each stack, which is usually 21 in. 
high, with 18x20-in. membranes and 
spacers (Fig. 3). The top and bottom 
layers of this large sandwich are metal 
anode and cathode sheets, the negative 
and positive poles of the electrical sys- 
tem. The driving force is direct cur- 


rent. At Coalinga, the current is ob- 
tained by passing the community alter- 
nating current through a rectifier. An 
installation may consist of one or more_ 
stacks, operated in series or in parallel. | 
At Coalinga, four stacks are operated 
in series. Table 1 shows the voltage 
and current used. 


The ion-exchange sheets are solid © 
plastic, approximately 0.030 in. thick. 


The spacers are polyvinylchloride plas- 
tic sheets, approximately 0.040 in. 
thick. The anode sheets are tantalum, 
coated with platinum, and the cathode 
sheets are a high-temperature, nickel- 
base alloy.* | 


7 TABLE 1 
Stack Voltage and Current 


Current 
amp 


Voltage 
v 


Stack Number 


1 225 
2 185 
3 160 
4 130 


— 


When a direct current flows through — 
the stack from cathode to anode, ions 


are attracted toward their opposite _ 


pole, pass through the membrane selec- 
tive for them, into the adjacent waste 
channel, and are concentrated in this — 
channel. Water to be demineralized is — 
pumped to each stack in series. The 
water loses about 40 per cent of its 
mineral content through each stack. 
Theoretically, 87 per cent of the min- 
erals should be removed by four stacks. 
The average removal of minerals" 
through four stacks at Coalinga is — 
about 83 per cent. It should be noted 


* Hastelloy C, manufactured by Haynes 
Stellite Co., Division of Union Carbide & 
Carbon Corp., New York, N.Y. 
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that percentage removals vary among 
various elements (Tables 2 and 3). 

The electrodialysis process is sensi- 
tive to stack temperatures. Higher 
temperatures increase capacity; lower 
temperatures decrease capacity. Tem- 
peratures greater than 120°F will re- 
duce the life of the membranes. 


Fig. 2. Demineralizer Unit 


Stack parts: 1, anode plate; 2, waste- 

water spacer; 3, anion membrane; 4, 

product-water spacer; 5, cation mem- 

brane; 6, waste-water spacer; and 7, ca- 

thodic plate. Pipe: A, product; B, waste- 

water discard; C, raw water; and D, di- 
luting water. 


The plant is equipped with a number 
of automatic protective devices that 
shut down the unit or activate a warn- 
ing bell in the event of: (1) high or low 
pressures ; (2) high feedwater tempera- 
ture; (3) power failure; and (4) fail- 


ure to reach desired product salinity, 
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as measured by an electrical-conduc- 
tivity cell. This automatic equipment 
is designed to prevent operations under 
conditions where temporary or perma- 
nent damage to the unit might result, 
and to prevent entry of raw water into 
the treated-water system. 

Because the flow passages within the 
spacers are narrow, any significant 
amount of suspended solids must be 
removed from the feedwater. Further- 
more, organic solids may create slimy 
coatings on membrane surfaces. For 
these reasons, raw water is filtered, 
using cartridge-type industrial filters + 
with a maximum pore size of 5y. 

Because the saline waters contain 
large concentrations of carbonates, acid 
is added to the waste-water stream to 
maintain a negative Langelier index, 
in order to prevent encrustations from 
occurring within the stack. Encrusta- 
tions or the accumulations of particulate 
matter cause “hot spots” in the adjacent 
membrane which can damage or de- 
stroy that membrane. Hot spots be- 
come areas where the membrane dries 
out and electrical resistance rises ab- 
ruptly, ultimately destroying the proper 
function of the stack. These areas may 
be readily detected by use of a portable 
voltmeter, with a pair of probes held a 
fixed distance apart on the vertical side 
of the stack. An abnormal area in the 
stack will show a large voltage drop. 

Waste water from this plant is pro- 
duced at the rate of 0.5 gal for each 
gallon of treated water produced. Dis- 
posal of this waste water is no prob 
lem at Coalinga, for it is added to the 
secondary, hard-water reservoir. This 
addition is not appreciable, because the 
waste flow is much smaller than the 
hard-water flow. In some areas of 
California, waste-water disposal from a 


+ Manufactured by Cuno Engineering 
Corp., Meriden, Conn. 
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demineralizer might require other tech- 
niques. Among those that have been 
suggested are: (1) ponding and evapo- 
ration; (2) injection through wells into 
deep saline aquifers; (3) hauling or 
piping to such acceptable disposal sites 
as the ocean, or dry, saline lake beds ; 
and (4) dilution with raw water or 
sewage plant effluent from the town 
served with demineralized water, fol- 


lowed by agricultural use, recharge, or 


TABLE 2 


Analysis of Raw- 
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has been closely watched by the depart- 
ment, and a testing program has been 
conducted to determine the chemical 
and bacteriologic condition of the drink- 
ing water produced. There has been 


a problem of finding adequate bacteri-— 


J 


ologic sampling points within the plant ; 
apparently, the equipment does not 


support the production of coliform bac- 


teria. Chemical analyses have been 


made on daily samples of raw and 


and Treated-Water Sa mples 


Minerals—ppm 


Month— 


1959 Total 


Solids 


Hardness 


Alkalinity 
(as CaCos) 


(as CaCos) 


Nos 


Feb (3-9) 
Feb. (10-16) 
Feb. (17-23) 
Mar. 
Apr. 
May 
Jun. 

Avg 


PURKKNAD 
eessssss 
—) 

CONS 
wes DAWN S 


Feb. (3-9) 
Feb. (10-16) 
Feb. (17-23) 


| 


Armona* 


* Soft water from Armona, Calif. 


stream disposal of the blended water. 
The preferred method depends on 
the size of the demineralizer, geo- 
graphic location, climate, the hydrology 
and geology of the area, land use in 
the vicinity of the plant, and, perhaps 
most important of all, the total mineral 
content of the raw water. 

The Coalinga plant has been operat- 
ing under a permit from the state de- 
partment of public health. Operation 
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treated water composited either weekly 
or monthly. Table 3 shows the aver- 
age of the chemical analyses made on 
these samples; Table 2 shows the 
analyses in detail. It can be seen from 
these analyses that less than 10 per 
cent variation has occurred in the sam- 
ples of raw water. Treated water 
varied in total solids from 367 ppm in 
February to 470 ppm in April, with 
an average of 402 ppm. Daily vari- 


+) 


| 
| 4 
. 
| | 
Raw Water 
2,390| 570 138 258] 1,142 
2,385 545 138 262| 1,122 
2,426 578 144 266| 1,179 =. 
2,380 574 142 257] 1,172 
2,376 595 144 252| 1,170 
2,395 579 142 260| 1,173 
2,394} 580 138 244| 1,145 
8.1 2,392 | 574 141 257| 1,158 y Ate 
367 36 28 174 |0.0] 0. 
406 38 26 12} 208 |0.0| 0. 
378 34 24 12] 192 |0.1] 0. 
Mar. 389 32 30 15| 160 [0.1] 0. 
Apr. 470 53 31 24] 238 0. 
Jun. 400 33 24 13| 195 |0.1] 0. Aes 
Avg 402 38 26 195 |01/0 
5 21 | 7.1 |1.0| 0 
Ete 
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ations have been larger, but, with a 
use of only 18,000 gpd and a storage 
capacity of 75,000 gal, the consumer 
receives a relatively uniform water. 
The treatment works are operated 
under the direct supervision of the di- 
rector of public works. Day-to-day 


Fig. 3. 


The man on the left ts holding a membrane sheet. 


stack. 


CARY, ONGERTH, PHELPS > {IV WA 


operations consist of changing filters, 
mixing acid and soda ash, keeping daily 
log sheets, and keeping the building 
clean. The city mechanic, with some 
assistance, conducts flushing operations 
and the cleaning of stacks. When a 
stack is to be cleaned, it is taken off 


Assembling a Stack 


A spacer sheet is on top of the 


An anion membrane, a product-water spacer, a cation membrane, and a waste 
water spacer make a set of layers; there are 150 sets of layers in each stack. 


The 


height of a stack is usually 21 in., with 18X20-in. membranes and spacers. 


operation is done by selected men from 
the adjacent firehouse, assisted and di- 
rected by the city mechanic for major 
maintenance and operational proce- 
dures. These persons have been 
trained by the company that supplied 
the equipment. There is always one 
man available in case of trouble; others 
are available when needed. Routine 


the line and completely disassembled 
Each sheet of the stack is then carefully 
cleaned with a stiff brush to remove 
encrustation, flushed thoroughly, and 
reassembled in the stack. Firehouse 
personnel aid in this operation. All 
personnel have been trained to start the 
unit. About an hour a day is necessary 
to perform the routine operational pro- 
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It takes two men 4.5 hr to 
down, clean, and reassemble a 

Stack maintenance was origi- 
nally estimated to be necessary every 
3 months. The experience during the 
past 6 months has indicated that Stack 
1 may have to be cleaned monthly, be- 
cause it has the greatest amount of 
deposition. The stack and the system 
are chlorinated after each cleaning. 

The plant is run continuously, al 
though it was originally planned to be 
operated intermittently. Because the 
start-up procedure is rather tedious, 
and because the savings from intermit- 
tent operation are relatively small, con- 
tinuous operation was initiated. Ex- 
cess treated water is diverted to the 
nearby hard-water reservoir. At ap- 
proximately 3-day intervals, the unit is 
flushed by turning off the electric 
power and allowing water to recircu- 
late for 8 hours through the stacks and 
into the nearby hard-water’ reservoir. 
This procedure apparently releases the 
static electrical charge of the accumu- 
lated particles in the stacks and allows 
them to be flushed to waste, materially 
increasing the time interval between 
cleaning of stacks. 


cedures. 
tear 
stack. 


pH Control 


Prevention of calcium carbonate 
deposition in the waste-water spacers 
is an important factor with regard to 
the life of the stacks. Acid is there- 
fore added to the waste-water stream 
so that the pH is maintained in the 
stream at 6.1, slightly less than the pH 
of calcium carbonate saturation, as de- 
termined by the Langelier index. An 
acid electrode-flushing stream, not pre- 
viously described, is maintained at a 
pH of 3.2 to keep the electrodes free 
of deposition. About 2 Ib of sulfuric 
acid is used per 1,000 gal in this pH 


control. 
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The raw water has a pH of about 
8.1. The treated water, as it leaves 
the unit, has a pH of about 6.5. A 
positive Langelier index is maintained 
by the introduction of soda ash into 
this product stream after treatment. 
The pH of this water in the system is 


7.6. 


Power Costs 


The city purchases power through 
a master meter connected to all the 
pumping units in the city. Moreover, 
power unit costs depend on total elec- 
trical consumption, month by month. 
Therefore, although the treatment unit 


TABLE3 


Composite Analysis of Raw- and Treated- 


Minerals——ppm 


pH 
Total 
Solidst 


Hardness 
(as CaCoy,) 
Raw .1|2,392 
Treated | 7. 402 


Minerals Removed—% 


| 93.4 | 04.4 


83.2 | 12.1 
| 


* Average values. 
t Residue on evaporation. 


uses power at a constant rate, the cost 
of the power varies from about 1.3 
cents to 1.9 cents per kilowatt-hour. 
The average cost during the first 6 
months was 1.5 cents per kilowatt-hour. 
The pilot plant power consumption was 
about 12.3 kw/1,000 gal. During the 
first 6 months, however, the power 
usage averaged 14.2 kw/1,000 gal. 
The power cost has averaged 21.46 
cents per 1,000 gal > oe 


Deposition Problems 


The city has encountered problems 
of short filter life and of deposition 
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within the stacks during the first 6 
months. The analyses of some of the 
accumulated matter have shown some 
organic material, possibly slimes. The 
deposition problem is attributed largely 
to raw water from a 4-in. dead-end 
main. The plant has industrial filters 
to protect the stacks against dirty 
water, but the raw water was much 
dirtier than anticipated. As a result, 
filter life was unexpectedly short. This 
is significant, inasmuch as the filter 
unit contains nine cartridges, costing 
$1.20 each. The city experimented 
with filter cartridges and found that 
the replacement time of these cartridges 
in sizes of 1-5 w varied little. During 
this period, filters were replaced as 
frequently as once a day, with an aver- 
age filter life of about 2 days. In an 
effort to increase filter life, the source 
of raw water was changed to an active 
main nearby. This change has _ in- 
creased filter life to about 3 days. The 
city has considered the use of a diato- 
maceous earth filter in series with the 
industrial cartridge filter. The com- 
pany is suggesting the use of this type 
of filter in larger installations. 

During the period when filter prob- 
lems occurred, the deposition of par- 
ticulate matter within the flow channels 
in the stacks interfered with stack per- 
formance by creating hot spots of high 
electrical resistance. This necessitated 
frequent cleaning of the stacks and the 
replacement of damaged membranes, 
particularly of Stacks 1, 2, and 3. 
Membrane life is uncertain. The sup- 
plier initially estimated the life of the 
membranes to be 3 years, but, on the 
basis of experience, the estimate has 
since been revised to 5 years. At Co- 
alinga, 150 membranes have been re- 
placed during the first 6 months of 
operation. Since the change in loca- 
tion of raw-water takeoff, this replace- 
ment rate has been materially reduced. 
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So far, no estimate can be made for 
membrane life in this operation. | ? 


Operating Costs 


Detailed operating records are being 
kept, showing power used, conductance 
readings, pH control, water treated, 
and other operational experiences 


From these records, a reasonably close 
cost analysis is available for the first 
6 months of operation. 

The original cost estimates, based on 


the = plant, indicated that operating 


4 
Operating Costs, Mar. 1-Aug. 31, 1959 


Parts and replacement 


Costs 
$/1,000 gal 


0.1667 
0.0625 


Item 
Labor 


Chemicals 


0.2325 
0.1861 
0.0301 


Membranes 

Filters 
Miscellaneous parts 
0.4487 
0.2146 
0.8925 


0.5400 


Power 


Total 


Amortization of capital 
investment 
Total 1.4325 
Previous cost of drinking water 7.05 
(Armona) 


costs would be about $1 per 1,000 gal. 
This figure did not include labor costs, 
because the city is using existing per- 
sonnel. Table 4 shows the water pro- 
duction costs during the first 6 months. 
The costs are well within the original 
estimates, despite the increased power 
costs and the shorter life of filter ele- 
ments. The figures also include a labor 
cost, which is an allocated cost (there 
has been no addition to the city labor 
force for this operation) chargeable to 
the equipment for the time necessary 
for operation and maintenance. The 
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equipment and building will have cost 
the city about $105,000. With the use 
of a straight-line amortization based 
on actual use of water, this cost has 
been estimated at 54 cents per 1,000 gal. 

It is anticipated that future perform- 
ance of this process at Coalinga will 
be good. Since the change in the raw- 
water takeoff point, the city has real- 
ized improved filter and membrane life. 
This will reduce the labor required, as 
stacks need not be disassembled as fre- 
quently as before. As the operators 
learn to handle this equipment more 
efficiently, further savings in manpower 
are anticipated. Power costs, on the 
other hand, may increase, for the 6 
months covered by these data are the 
months of greatest power use and, 
hence, lowest unit power cost. It is 
anticipated, despite the increase in 
power costs, that operating costs may 
be decreased by as much as 15 cents 
per 1,000 gal. Better filtration meth- 
ods are being investigated. If this can 
be effected, operating costs may show 
a further decrease. 


Summary 


Because plant operation at Coalinga 
has not been fully stabilized, observa- 
tions herein presented must be consid- 
ered as tentative. On the basis of 6 
months of operation and observation, 
the electrodialysis treatment process 
has been successful. The removal of 
dissolved minerals has been as _ indi- 
cated by the pilot plant tests, and at 
costs commensurate with those origi- 
nally anticipated. Elements of cost de- 
pendent on membrane life and anode- 
cathode life cannot as yet be definitely 
determined. Removal of dissolved 
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solids is approximately 83 per cent. It 

should be noted, however, that percent- 

age removal of various mineral con- 

stituents differs. The removal of boron | 
is almost nil, while other constituents 

are removed on a selective basis. The 

one serious operating difficulty, short 

filter life and clogging of the stacks, ap- 

parently resulted from providing feed- 

water for the plant from a relatively 
inactive water main. A new connec- 

tion to an active main has since been 

installed, and the situation has been 

greatly improved. 


If water were = 
tained directly from the city wells in- 
stead of through a large storage reser- 
voir, results might be even better. -. 


Daily operation of this plant, largely ic 
with unskilled personnel, supplemented 
by competent technical assistance from 
the manufacturer, has resulted in no 7 
serious problems. As far as the citizens 
of Coalinga are concerned, the plant 
is a success. The water produced has 
been accepted by the citizens, despite 
the fact that the previous supply was 
a high quality, exceptionally good-— 
tasting water. 

Coalinga was a favorable place to in- 
stall a demineralization plant because: 

1. The supply being replaced was 
extremely costly. 

2. A separate pipe system for dis- 
tribution of the demineralized supply 
was already in existence; it was there- 
fore unnecessary to demineralize the 
entire community supply or to con- 
struct a second distribution system. 

3. There is no problem in disposing 
ot waste water. 

4. The raw water contained only — 
2,200 ppm of total solids. 

5. Power rates are moderate. 
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New Jersey State Water Development Program 


George R. Shanklin 


_A paper presented on Oct. 22, 1959, at the New Jersey Section Meet 


Director, Div. of Water Policy & Supply, State Dept. of Conservation 


" ing, Atlantic City, N.J., by George R. Shanklin, Chief Engr. & Acting 


& Economic Development, Trenton, N.J. 


N Nov. 4, 

New Jersey overwhelmingly ap- 
proved, by referendum vote, the New 
Jersey Water Supply Law of 1958 and 
its companion Water Bond Act. This 
legislation places with the State Depart- 
ment of Conservation and Economic 
Development, through the Division of 
Water Policy and Supply, the author- 
ity, responsibility, and funds for the 
formulation and conduct of a threefold 
state water program to: (1) insure, 
through long-range planning, the avail- 
ability of adequate future supplies in 
all parts of the state; (2) insure, 
through long-range intensive investiga- 
tions, the protection and orderly de- 
velopment of statewide ground water 
resources; and (3) provide, as author- 
ized, the new water required to meet 
the critical demands of the northern 
metropolitan area by the design, con- 
struction, and operation of storage fa- 
cilities to augment the natural sur- 
face water resources of the South 
Branch Raritan Basin. The $45,850,000 
bond issue authorized by the refer- 
endum provides funds (not to exceed 
$39,500,000 )—-when satisfactory as- 
surances are obtained by the commis- 
sioner of conservation and economic 
development, relative to the net income 
to be derived from the sale of water— 
for the construction of : (1) a 55-bil gal 


off-river storage reservoir in Round 


1958, the people of 


Valley, including diversion works re 
quired to fill the reservoir with water 
from the South Branch Raritan River 
and (2) an 11-bil gal reservoir on 
Spruce Run Lake for stream flow regu- 
lation and sale of water from the river. 
These two storage facilities are de- 
signed to meet the immediate and near- 
future water demands of the north- 
‘astern metropolitan and Raritan Val- 
ley areas. Also included in this bond 
issue are: 

1. $1,250,000 for an_ intensified, 
statewide, long-range ground water 
investigation for report by counties and 
special programs 

2. $100,000 for study, tests, con- 
struction, and operation of a pilot plant 
to evaluate the practicability and suita- 
bility of developing and utilizing the 
natural ground water storage in the 
Pensauken formation on the upper 
Millstone Basin to supplement on-river 
storage as a source of water supply 

3. $3,000,000 for continued study 
and planning for the most economical 
development of the surface water re- 
sources of the Raritan and Millstone 
river basins, including acquisition of 
property when authorized, to designate 
reservoir sites essential therefor and to 
insure availability of these sites when 
required for construction 

4. $2,000,000 for similar studies and 
planning for the development of the 
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surface water resources elsewhere 
within the state, including acquisition 
of property when authorized. 

The Spruce Run Lake Reservoir 
is an on-river, 11-bil gal stream flow 
regulation reservoir located on Spruce 
Run and Mulhockaway Creek, north- 
west of Clinton in Hunterdon County. 
The reservoir will provide release flows 
to maintain the statutory, sustained, 
low flow requirements in the Raritan 
River and its south branch for non- 
consumptive uses; plus an additional, 
sustained minimum flow, equivalent to 
60 mgd at the Bound Brook gaging 
station, for sale or allocation of water 
from the river for potable supplies and 
industrial, irrigation, and other con- 
sumptive uses. 

The Round Valley Reservoir is an 
off-river, 55-bil gal storage reservoir 
located in a natural bowl site south of 
Lebanon, also in Hunterdon County. 
The reservoir will be filled by pumping 
water from the South Branch Raritan 
River, through 3.3 mi of force main, 
and will provide the water storage 
facilities required for gravity delivery 
of a dependable supply of 70 mgd 
through a pipeline to be constructed 
by the consumers of the water. 

The costs of delivery and treatment 
facilities for both reservoir projects will 
be borne by the consumers, in accord- 
ance with the enabling legislation. 


Spruce Run-Round Valley Program 


After approval of the 1958 water 
supply law, steps were taken imme- 
diately for the adoption of a program 
for the earliest completion of the two 
authorized reservoir projects and for 
the recruitment of personnel for a tem- 
porary bureau of design and construc- 


tion. Consulting engineers were in- 
terviewed in December 1958 relative 
to experience and qualifications for the 
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design of rolled earth-fill dams. In 
order to supplement information con- 
tained in a special report, a contract 
was awarded early in January 1959 for — 
the continuation of the core-boring pro- 
gram initiated at the Spruce Run Dam 
site in 1958. Contracts for the prepa- 
ration of aerial topographic maps and 
other surveys required for the design 
of the dams and road relocation were 
also awarded. The contracted work 
has been completed. _ 

In February 1959, headquarters of- 
fice for the temporary bureau was es- 
tablished at Trenton, N.J. Shortly 
thereafter, field offices were opened at 
the Spruce Run Reservoir site, under 
the direction of the division engineers 
in charge of construction of these 
reservoirs. In May 1959, contracts 
were awarded for engineering services 
in connection with the design of the 
Spruce Run Dam and appurtenant 
structures, and for the Round Valley 
dams, dike, and appurtenant structures. 
Both contracts provided for completion 
of designs and specifications by the end — 
of 1959. 

The core-boring program contracted 
in January 1959 for the Spruce Run 
Dam site was continued under supple- _ 
mental contracts and completed in De- 
cember 1959. By October 1959, 193 
holes had been completed and pressure | 
tested in the Spruce Run area, involv- 
ing a total length of 21,590 lin ft. The 
majority of these holes will be used for 
grouting during subsurface construction. 

The core-boring program in 
Spruce Run area was supplemented in 
October 1959 by a contract for ex- 
perimental grouting to provide data for 
the preparation of specifications and 
cost estimates for the construction of 
a satisfactory watertight cutoff at the 
dam and dike and along the ridge of 
the reservoir adjacent to Route 69. 
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This program was conducted in accord- 
ance with specifications prepared by 
the consulting engineers, and was com- 
pleted in November 1959. 

For the Round Valley dams and dike 
sites, 80 holes have been completed and 
pressure tested by the consulting engi- 
neers, involving a total length of 5,710 
lin ft. This core-boring program was 
supplemented by experimental 
grouting program. 

In June 1959, a generalized geologic 
investigation program was begun by 
the Bureau of Geology and Topography 
of the Division of Planning and Devel- 
opment of the State Department of 
Conservation and Economic Develop- 
ment to assist the Division of Water 
Policy and Supply in evaluating the 
subsurface conditions in both the 
Spruce Run and Round Valley areas. 
A report on these conditions is being 
prepared. 


In April 1959, a contract was made 
with Rutgers University, New Bruns- 


wick, N.J., for electronic-computer 
services for the analysis of the opera- 
tion of the Spruce Run—Round Valley 
reservoir system under stream flow 
conditions experienced during May 1, 
1930—Dec. 31, 1957. This analysis and 
other studies completed by the newly 
created water development section of 
the division bureau of water resources 
provide the basic data required for the 
allocation of project costs, the estab- 
lishment of equitable rates for water 
sale, and the operation of the reservoir 
system on completion of construction. 
They also provide valuable, long-term 
data for evaluation of the economics 
involved in the design of pumping sta- 
tions for diversion of water to fill the 
Round Valley Reservoir and for boos- 
ter pumping for delivery of the water 
to certain areas of demand. 
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In October 1959, a contract was 
awarded for engineering services for 
the preparation of contract drawings 
and specifications for the Round Valley 
relocated road, which must be com- 
pleted before construction can be 
started on either the north or south 
dams. A similar contract is being exe- 
cuted for the design of the Spruce Run 
Bridge and two other stream crossings 
needed for relocating roads to Spruce 
Run Lake Reservoir. 

For the Round Valley Reservoir, the 
land acquisition program was com- 
pleted, except for one parcel still under 
litigation, prior to the referendum ap- 
proval in November 1958. Negoti- 
ations are now being conducted to ac- 
quire the right of way required for the 
relocated road. The land acquisition 
program for the Spruce Run Lake Res- 
ervoir has been conducted by the De- 
partment of Conservation and Eco- 
nomic Development, in accordance with 
procedures established by the commis- 
sioner of the department for the acqui- 
sition of the Round Valley property ; 
95 per cent of the needed lands have 
already been acquired. 


Water Sale Program 

The Division of Water Policy and 
Supply initiated conferences in Decem- 
ber 1958 with the North Jersey District 
Water Supply Commission, Elizabeth- 
town Water Co. Cons., and the city 
of Newark to investigate the interest 
in the sale of water to be developed by 
the two authorized projects and the 
methods for determination of the water 
charges to be made for each project. 
In accordance with these negotiations, 
the district commission proceeded to 
obtain resolutions from eleven munici- 
palities and one county expressing in- 
terest in a total of 62.175 mgd of 
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Round Valley water and authorizing 
that commission to: (1) investigate the 
cost of the required delivery and treat- 
ment facilities, (2) represent the mu- 
nicipalities in an application to the US 
Housing and Home Finance Agency 
for a federal loan to complete prelimi- 
nary studies of these facilities, and (3) 
represent the municipalities in apply- 
ing to the State Water Policy and Sup- 
ply Council for allocations of water. 

Similar conferences were held with 
representatives of the Elizabethtown 
Water Co. Cons. with reference to the 
sale of Spruce Run water. It is antici- 
pated that the questions involving the 
allocation cost and demand charges will 
be resolved shortly. 


Ground Water Investigation 

The statewide program is limited by 
enabling legislation to an annual ex- 
penditure of $125,000, of which at least 
$100,000 will be allocated for a co- 
operative investigation with the Ground 
Water Branch of the Water Resources 
Division of USGS, on an equal cost- 
sharing basis. An allocation will also 
be made to the State Bureau of Geology 
for the review, tabulation, and com- 
pilation of well records and other geo- 
logic data pertinent to these studies. 
The program was initiated in January 
1959 by a special allocation of $50,000 
for the construction of certain test and 
observation wells. 

During 1959, comprehensive studies 
were conducted in Monmouth, Salem, 
and Mercer counties, in the Pine Bar- 
ren area, the Sayreville area of Middle- 
sex County, the Phillipsburg area of 
Warren County, and the Wharton 
Tract for a report by the end of the 
current fiscal year (Jun. 30, 1960) on 
Mercer County. In Salem County, 


several new observation wells were es- 


in the latter part of the fiscal year end- 
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tablished and pumped, and a new 718-ft “i 
well was drilled near Woodstown and 
tested at various levels. Two new ob- — 
servation wells have also been con- | 
structed to the 800-ft sands in the At- ra ‘ 
lantic City area to replace existing ob- 
servation wells from which data are 
considered to be questionable. 

A preliminary report setting forth 
the significant results of the Cape May 
County special study investigation has 
already been published.t. Three larger 
reports summarizing the results of this 
investigation and a report on selected 
wells in Monmouth County are sched-— 
uled for publication. 

In the Wharton Tract, collection of — 
basic water data was continued, and 
five new observation wells were in- 
stalled. A large-capacity test well is _ 
under construction to evaluate the 
Cohansey sand aquifer in this tract and 
to test the feasibility of induced river 
recharge. 

The Sayreville study was undertaken 
to evaluate the extent of salt water 
encroachment into the 


Farrington 
sands—which endangers industrial and 
public supplies—to consider remedial e 


measures therefor, and to provide the 
technical data for the design of a tidal 
dam on South River for the protection 
and rec harge of the Old Bridge sands. 
A report is scheduled for completion 


ing Jun. 30, 1961, at which time con- ; 

sideration will be given to the execu-| 

tion of an engineering contract for the _ 

design of the tidal dam and for com-— a 

parative economic studies of the dam 

and other remedial measures. - 
For the current fiscal year, priority 

of effort on new programs is to ‘i 

given to Morris County, with particu- 

lar reference to the old Lake Passaic 

area which is dependent on ground 
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water sources. Studies will also be 
aaa in the latter part of the year 
in Camden and Burlington counties to 
_ supplement the information already 
published. 


_Pensauken Investigation 

The Pensauken investigation was 
initiated in May 1959 by the awarding 
of a contract to a consulting ground 
water geologist for the preparation of 
a preliminary report concerning the 
available factual geologic and other 
data relative to the test program, the 
additional factual data that should be 
developed to insure an adequate test, 
the size and design of the pilot instal- 
lation to be constructed, and the type 
of test to be conducted. A generalized 
geologic survey was also undertaken 
hy the State Bureau of Geology. A 
report by the consulting geologist has 
heen completed and reviewed ; a report 
on the survey conducted by the Bureau 
of Geology is being prepared. 


Surface Water Studies 

Studies of the Raritan-Millstone 
Basin have been initiated by contract 
for the preparation of aerial topo- 


R. SHANKLIN 


— 
Jour. AW We 


graphic maps of the North Branch Res 
ervoir site on the North Branch Rari 
tan River and of the Rocky Hill Res 
ervoir site on a lower tributary of the 
Millstone River. Preliminary studies 
have been started .by the Bureau o! 
Water Resources of the division to de- 
velop basic hydrologic data. Priority 
of effort is to be given to the prepara- 
tion of a report on the desirability and 
practicability of the North Branch Res- 
ervoir site. 

Surface water studies pertaining t 
the rest of the state have been deferred 
until the completion of the comprehen- 
sive survey of the water resources and 
water needs of the Delaware River 
Basin. This survey, to be reported in 
May 1960, is being conducted by the 
US Army Corps of Engineers and 
other federal agencies under a direc- 
tive of Congress. 


Reference 


1. Girt, H. E. Geology and Ground Water 
Resources of the Cape May Peninsula, 
Lower Cape May County, N.J. Water 
Resources Circular 1. New- Jersey 
State Dept. of Conservation & Economic 
Development, Div. of Water Policy & 
Supply, Trenton, N.J. (1959). 
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Public Health Aspects of Water Reuse 
for Potable Supply | 


Bernard B. Berger 


presented on Oct. 20 


1 paper 1959, at the joint meeting of the 
Alabama-Mississippt and Southwest sections, New Orleans, La., by 


Bernard B. 
search, Div. 


Berger, Chief, Water Supply & Water Pollution Re- 
of Water Supply & Pollution Control, Robert 


A. Taft 


San. Eng. Center, USPHS, Cincinnati, Ohio. 


HE use of a ton of clean water to 

carry away a few pounds of waste 
solids appears to be a foolish expendi- 
ture of a valuable resource, and it poses 
an interesting question: whether it is 
feasible to treat sewage so that the re- 
coverable water may serve all munici- 
pal purposes, including water for 
drinking. 


Recent Reuse Experience 


The use of treated municipal sewage 
for all municipal purposes is unusual, 
but the concept is not completely bi- 
zarre. The experience of Chanute, 
Kan., is a striking example.’ 
was recycled through the city 8-15 
times during a period of 5 months— 
October 1956 to February 1957. Sew- 
age was similarly reused for all munici- 
pal purposes by Lyndon, Kan., in the 
fall of 1956 when the normal water 
source dried up.* It is interesting to 
note that in both instances the munici- 
pality itself made the decision to reuse 
its sewage as the best possible solution 
to the water supply problem. In 
neither city was prior approval sought 
from public health authorities. Ot- 
tumwa, Iowa, in 1940, faced a particu- 
larly difficult reuse problem when ap- 
proximately 60 per cent of the flow 
in the Des Moines River, the supply 


Sewage 


source, consisted of septic raw sewage © 
discharged by the city of Des Moines.* 
In all these instances, the finished water — 
met bacteriologic requirements of the 
USPHS Drinking Water Standards.‘ 


produced a peculiar separation of solids | 
resembling blood clotting. The Cha-— 


offered a good opportunity to the state 
and to USPHS for monitoring the 
quality of water during the period of 
recycling. 

Something short of direct recycling 
is the rule in hundreds of United States 
cities. Most municipalities, drawing 
their water from the great inland 
streams, are, in fact, using the diluted 
sewage effluents of upstream cities. 
It is interesting to observe that al- 
though the presence of such pollution 
is generally known, consumer accept-— 
ance of the water does not appear to 
be reduced appreciably. Obviously, 
dilution and elapsed time dissipate 
aesthetic objections. Presumably, this 
would not be so in direct recycling. 

Water reuse can be expected to in- 
crease for one simple reason: given a 
growing population and industry and 
a fixed water supply, the reuse factor 
must inevitably become greater. Rec- 
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ognition of the future need for water 
reuse is forcing public agencies to con- 
sider new concepts of water quality 
management. It may even become 
feasible to practice complete recovery 
of the water component of municipal 
sewage—the pure water that makes up 
99.9 per cent of sewage (by weight). 
This concept could place another Cha- 
nute situation in a healthful, aestheti- 
cally acceptable, and economically fa- 
vorable light. 


Public Health Considerations 


It is assumed by many that waters 
recovered from sewage may be made 
completely safe by application of mod- 
ern waste and water treatment proce- 
dures. Even after approximately a 
dozen cycles, the Chanute water supply 
met the bacteriologic requirements of 
the USPHS Drinking Water Stand- 
ards. The problem, it is believed, is 
to improve consumer acceptance of the 
finished water. There are, however, 
a number of physical, microbiologic, 
and chemical factors pertinent to the 
question of water reuse and_ public 
health. It is assumed here that sewage 
treatment includes the activated-sludge 
process and chlorination, and that these 
are to be followed by conventional 
water treatment. 


Physical Quality 


The effluent of a properly perform- 
ing activated-sludge sewage treatment 
plant compares well in appearance with 
most surface water supplies. Under 
normal operating conditions, it contains 
practically no settleable material, and 
its concentration of suspended solids 
may be considerably less than that of 
many streams. Turbidity is low and 
occasionally such effluent has even been 
described as “sparkling.” Being well 
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stabilized, the effluent has an insignifi- 
cant odor. Its color is innocuous, 
unless large quantities of colored in- 
dustrial wastes are discharged into the 
city sewers. If the origin of the used 
water were not disclosed, few would 
object to its.use as a source of public 
water supply. 

The appearance of activated-sludge 
effluent is not always so favorable, how- 
ever. Biologic systems are unstable 
and disturbances produced by slight 
changes in environmental conditions 
may result in marked deterioration of 
the effluent. Such deterioration is 
often characterized by appearance of 
masses of poorly settling biological floc 
in the plant discharge. The condition 
triggering this damaging effect may be 
too subtle and too sudden to identify 
and control. Any immediate recycling 
of such water would probably be out 
of the question. 

The appearance of froth often asso- 
ciated with household detergents is a 
factor of unknown proportions. In a 
recent survey, 97 of 104 plants employ- 
ing activated sludge reported occasional 
difficulty. Research currently being 
supported by the American Association 
of Soap and Glycerine Producers may 
solve this problem. 


Bacterial Pathogens 


A recent review of information on 
reduction of microorganisms by sew- 
age treatment describes the present un- 
satisfactory state of knowledge con- 
cerning the fate of pathogens during 
sewage treatment and emphasizes the 
need for improved methods for their 
demonstration and enumeration in con- 
taminated waters.® Satisfactory infor- 
mation is available only for coliform 
organisms, the indicators for human 
fecal discharges. As differences in 
resistance to environmental factors are 
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probably small among vegetative bac- 
teria, it is normally assumed that the 
fate of coliform organisms reasonably 
reflects that of pathogenic bacteria. 
The validity of using coliform organ- 
isms to determine the fate of micro- 
organisms other than vegetative bac- 
teria is debatable. This question is 
especially pertinent to the 1955-56 
waterborne outbreak of infectious hepa- 
titis in Delhi, India,’ where the treated 
water was reportedly free from coli- 
form organisms during the period of 
virus contamination (although the bac- 
teriologic data were very scanty).* 

It has been reported that concen- 
trations of bacterial pathogens in sew- 
age are reduced 90-99 per cent by 
activated-sludge treatment. This re- 
duction could still leave significant con- 
centrations in the effluent. For exam- 


ple, with a 99 per cent reduction in 
coliform organisms, the residual con- 


centration would approach 1,000,000 


per 100 ml. This concentration, high 
as it is, is hardly discernible to the 
unaided eye, and should not be associ- 
ated with marked turbidity.* Chlorina- 
tion of the plant effluent providing a 
measurable orthotolidine chlorine re- 
sidual after 15 min of contact would 
reduce the concentration of coliform 
bacteria in the plant effluent again by 
99 per cent. 

*Not only were the bacteriologic data 
“scanty,” but, according to Wolman,? who 
made strenuous efforts to obtain information, 
they were either nonexistent or, at any rate, 
had not been released 2 years after the event. 
Without facts, it is difficult to see why the 
coliform test should be indicated any more 
than the water treatment procedures used. 
From the reports of Wolman and Dennis it 
appears that “apathetic control, lack of hour- 
to-hour alertness, administrative jealousy and 
competition, and failure to adjust promptly 
to catastrophic conditions,” rather than the 
techniques involved, were at fault.—Eb. 

+ See Kabler ® for references. 


It has been established that a well 
operated conventional water treatment 
plant can reduce very heavy loadings 
of coliform bacteria to practically zero.® 
It is generally believed that it may 
do the same for bacterial pathogens. 
Chemical coagulation plays a role in 
achieving this desirable result by re- 
moving approximately 95 per cent of 
the coliform organisms. Both pre- and 
postchlorination, however, are of criti- 
cal importance. Rapid sand filtration, 
the most costly component of the mod- 
ern treatment plant, was not highly 
efficient in removing bacteria in recent 
tests at the Taft Center, particularly 
immediately after backwashing. 


Fungal Pathogens 


The aeration tank of an activated- 
sludge system supports a large and ac- 
tive mold population. Many species 
actually compete with bacteria for the 
nutriment in sewage.’° Hardiness of 
molds is attested by their ubiquity and 
persistence in surface waters. At- 
tempts to utilize molds as indicators of 
pollution failed because of the ability 
of molds to survive under changing 
water quality conditions." 

Pathogenic species of fungi have 
been been encountered in sewage treat- 
ment plants and polluted streams.’* 
One study ™* indicates that the resist- 
ance of fungal spores to chlorination 
exceeds that of bacteria. As far as is 
known, none has been isolated from 
drinking water sources. It cannot be 
said, however, that a careful and thor- 
ough survey has ever been made. Pub- 
lic health needs may not justify this 
effort under present water use condi- 
tions, but with intensive reuse of con- 
taminated waters, approaching the di- 
rect recycling of sewage, more infor- 
mation should be obtained on the 
prevalence of fungi in waters and on 
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the resistance of spores and other de- 
velopmental stages to water treatment 


pre cesses 


Enteric Viruses 


Interest in enteric viruses in water 
has risen sharply in the last few years 
as a result of the growing number of 
virus types, 70 at the last count, recov- 
ered from human feces and sewage. 
Interest has also been aroused by the 
waterborne outbreak of infectious hepa- 
titis at Delhi. Present knowledge on 
enteric viruses in water has been re 
viewed by Clarke and Chang of the 
Taft Center."* Their study of reports 
on virusborne outbreaks indicates that 
infectious hepatitis is a waterborne 
virus disease. Only one outbreak of 
poliomyelitis, however, is now sus- 
pected of having been caused by a con- 
tamined municipal water supply in the 
United States.* This occurred as a 
result of back siphonage of sewage into 
the distribution system. On the basis 
of present information, epidemiologists 
do not consider the water route to be 
an important means of transmitting 
other viruses. This may possibly be a 
result of the general lack of informa- 
tion on the clinical illness that many 
of these viruses produce. It is possible 
also that the illnesses produced are so 
mild that they are not reported to 
health authorities. 

In evaluating the ability of water 
treatment processes to remove viruses, 
Clarke and Chang concluded that vi- 
ruses persisted under water storage 
conditions; were reduced in concentra- 
tion by 95-99 per cent when subjected 
to flocculation with alum or ferric salt, 
and were inactivated by free chlorine 
but not by combined chlorine. 

Little information is available in the 
literature on the ability of sewage treat- 


*See Clarke and Chang !* for reference 
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ment processes to remove viruses. 
Clarke is currently engaged in such 
studies utilizing sewage containing 
Coxsackie virus. His findings indi- 
cate that sedimentation is not effective 
in reducing virus concentrations but 
that removal of approximately 95 per 
cent occurs in the activated-sludge 
process. The virus is presumably not 
destroyed but probably most of it is 
adsorbed on the floc. 

Three factors should be considered 
in determining the virus hazard in a 
water use situation involving direct re- 
circulation of sewage. 

1. As long as the activated-sludge 
treatment plant is operating properly, 
the great bulk of viruses will be re- 
moved from the plant effluent. It has 
already been noted, however, that when 
activated-sludge systems are upset, 
part of the floc escapes with the efflu- 
ent. Undoubtedly at such times heavy 
virus loadings would be received at the 
water treatment plant. 

2. The extent to which substances 
in the sewage plant effluent would in- 
terfere with virus removal by coagula- 
tion at the water treatment plant is not 
known, It is probable that removal 
efficiency would be lowered. 

3. A free chlorine residual would be 
difficult to obtain because of the ni- 
trogenous substances in the sewage 
plant effluent. A free residual was not 
attained at Chanute. 

One may justifiably conclude that 
the problem of viruses in water supplies 
derived from highly contaminated 
sources has not been solved and that 
flaws exist in present protection 
barriers. 


Parasitic Protozoa 


The single report cited by Kabler ® 
on the fate of Endameba cysts in an 
activated-sludge system indicated no 
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reduction in the concentration of this 
parasite. Parasitic protozoa were ab- 
sent in the treated sewage at Chanute. 
Endameba cysts were recovered from 
only one of ten samples. None was 
recovered from the raw water. In all 
of ten samples of raw water, however, 
live cysts of free-living (nonpathogenic) 
amebas were detected. In every in- 
stance but one, the cysts were also de- 
tected in finished water. As these were 
of about the same size and presumably 
had comparable resistance to active 
chlorine as the Endamebha cysts, it may 
be assumed that had the latter been 
present in the raw water they would 
also have appeared in the finished 
water. 

Penetration of the water treatment 
plant by cysts 10 » or more in diameter 
is surprising. One would expect that 
the treatment processes practiced at 
Chanute would have effectively re- 
moved these organisms. Their failure 
may reflect, in part, the unusual stress 
under which the plant was being oper- 
ated. Further evidence of unsatisfac- 
tory filtration was the large amount of 
algae and debris (approaching 20 » in 
diameter) in the treated water. It 
would seem desirable to review the 
effectiveness of water treatment in re- 
moving cysts before these processes are 
subjected to the kind of challenge faced 
in Chanute. 


Parasitic Worms 


Considerable interest in worm infes- 
tation of water distribution systems will 
probably be stimulated by Chang’s re- 
cent report that, in fourteen of fifteen 
cities using streams as water sources, 
free-living nematodes were found in the 
finished as well as in the raw water.’® 
None of these worms was a human 
parasite. Their presence shows, how- 
ever, that conventional water treat- 
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ment may not be reliable protection 
against the ingress of such organisms. 
Chang found further that nematodes 
isolated from tap water from two of 
the cities examined could ingest Sa/- 
monella and Shigella bacteria and en- 
teric viruses and carry them through 
a high free-chlorine barrier.1° The 
likelihood of the occurrence, however, 
is considered to be very remote. 
Chang’s observations, when added to 
observations of others on distribution 
system infestations with copepods," 
Nais worms,’® and water lice,’® suggest 
the timeliness of research on the biota 
of distribution systems. 

Reports on removal of parasitic ova 
by the activated-sludge process are 
conflicting. Kabler’s review of the lit- 
erature on this subject reports findings 
ranging from no reduction to complete 
removal. The aeration tank appears 
to be an excellent hatchery for Schisto- 
soma japonicum ova with miracidia ap- 
pearing in the effluent in large num- 
bers. These will not produce human 
infection, however, without passage 
through appropriate water snails. Ova 
appear to be highly resistant to chlo- 
rination. The miracidia are much 
more vulnerable. 

This apparent vulnerability of water 
treatment systems to worm passage 
suggests an additional aspect to the 
extraordinary load water treatment 
must carry in reuse of treated sewage 
for municipal water supply purposes. 
Although no parasitic worms are 
known to be normally transmitted from 
human to human through water with- 
out an intermediate host or a soil de- 
velopment phase, the possibility of a 
hazard should be assumed to exist. 


Infectious Disease 


One must conclude that the extreme 
challenge presented by water contain- 
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ing a high percentage of fresh sewage 
effluent might overtax the protective 
capacity of the modern water treatment 
processes. Outbreaks of infections re- 
sulting from penetration of the treat- 
ment plant by disease-producing organ- 
isms are a potential danger. 


Undesirable Chemicals 


The growing national concern with 
persistent, possibly injurious, synthetic 
organic chemicals in the environment 
has so far involved domestic sewage 
only in respect to its content of alkyl 
benzene sulfonate (ABS), the essen- 
tial ingredient of household detergents. 
This compound been suspect 
mainly because it can be recovered in 
measurable concentrations in treated 
water supplies. Sewage may contain 
other and perhaps more important syn- 
thetic organic chemicals, which, unlike 
ABS, give no physical or chemical indi- 
cation of their presence and remain un- 
detected. The ever increasing number 
and variety of these organic chemicals 
on the market undoubtedly are reflected 
in a changing character of domestic 
sewage. Resolution of the complex 
soluble organic chemicals of sewage 
into specific compounds has _ not 
hitherto been considered necessary or 
feasible. 

Municipal waste is more complex 
than domestic sewage because of the 
waste contribution by industrial and 
commercial establishments connected to 
the municipal sewer. Public officials 
usually are alert to the damages that 
may be produced by industrial dis- 
charges. Before accepting industrial 
wastes they require evidence that the 
wastes are not damaging to sanitary 
structures or toxic to the biological sys- 
tems on which waste treatment de- 
pends. Few, if any, municipal sewer- 
age authorities require assurances 
from industry that the wastes will not 
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harm downstream water 


however. 


supplies, 


Inorganic Chemicals 

Analytical procedures are available 
for most inorganic components of sew- 
age. A well equipped water utility 
laboratory should be able to identify 
and measure most significant inorganic 
compounds that may be present. In- 
formation on increments in concentra- 
tions of such compounds resulting from 
water use has been recorded, or may 
be readily obtained in the laboratory. 
The data obtained in the Chanute stud- 
ies were of particular interest because 
of the multiple recycles used. With a 
few exceptions, increases in inorganic 
compounds were of the same general 
order as those reported by the state 
of California.2° The exceptions were 
explained on the basis of chemical and 
biologic action occurring in the large 
shallow impoundment used at Chanute. 
For example, the small increment of 
sulfates at Chanute could have resulted 
from anaerobic breakdown of this com- 
pound in the pond. 


Organic Compounds 


The identification and measurement 
of specific organic compounds in a 
sewage plant effluent are more demand- 
ing jobs. Actually it is doubtful that 
a complete analysis of this type is even 
possible at present. Standard Methods 
does not include procedures for such 
analyses. Earlier considerations of 
waste treatment and water use did not 
require such information. 

The Taft Center encountered this 
problem in the fall of 1958, when it 
was asked to make a special analysis 
of the activated-sludge effluent of a 
large Midwestern city. Employing the 
most sensitive techniques available at 
the laboratory, it was attempted to de- 
termine, by broad chemical groupings, 
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the concentration of soluble organic 
ompounds in this fraction of the plant 
effluent. In this study, the total soluble 
organic content was assumed to be 
equal to volatile solids, as measured 
by loss on ignition corrected for car- 
bon dioxide. The groupings were the 
following: fats and oils, ether solubles 
other than fats and oils, proteinaceous 
materials, nonproteinaceous nitroge- 
nous materials, carbohydrates, and 
ABS. Only 25 per cent of the soluble 
rganies could be accounted for, and 
then only with a low order of specificity. 

This unsatisfactory result has made 
necessary a more intensive study to 
identify and measure the stable organic 
content in the effluent of a secondary 
sewage treatment plant. At the very 
outset of the study it was found that 
the standard procedures for estimating 
ganic content, loss on ignition, and 
hemical oxygen demand were not 
reliable quantitative yardsticks. Es- 
cape of inorganic gases and bound 
water introduced errors in the loss-on- 
ignition determination. Organic struc- 
tures, including pyridine and certain 
amino acids, were not measurable by 
chemical oxygen demand. Chlorine 
demand, commonly used in water util- 
ity laboratories as a measure of organic 
strength, was not included, because, at 
best, chlorine oxidizes only a minor 
fraction of organic chemicals in sewage. 

It is possible that new soluble dele- 
terious chemicals that cannot be han- 
dled by conventional methods of water 
treatment may be found in a sewage 
plant effluent used as a water source. 
If they are, improved methods of water 
treatment will have to be developed 
to remove them. 


Chemicals and Health 


The Taft Center does not consider 
these studies an excursion into areas 
of merely academic curiosity. The 
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widespread interest in recovery of the 
valuable water component of municipal — 
sewage and the trend toward more in- | 
tensive water reuse require an intelli- 
gent appraisal of the health signifi- 
cance of all sewage components includ- 
ing those in body discharges and the 
synthetic organics of industrial origin. 
Interest in the aspects of chemicals" 
in the environment is growing. The 
following excerpt from the final report 
of the APHA Water Supply Commit- 
tee is pertinent **: 


The fact that records do not reveal any 
human illness involving synthetic organic 
substances in a public water supply does 
not give any assurance for the future, 
since it must be assumed that there is a 
limit to human tolerance to those mate- 
rials, even in dilute concentration. Per- 
haps this limit has already been reached 
in certain areas with respect to certain 
substances, without symptoms having 
been recognized. A careful comparison — 
of health statistics in selected areas might © 
reveal signs that have been overlooked. 

Conclusion 


Modern sewage treatment processes 
are designed to produce an effluent that. 
will be easily assimilated by the receiv- 
ing body of water; they are not in- 
tended to produce a water suitable as 
a source of municipal water supply. 
Modern water treatment processes are 
designed to treat a moderately contami- 
nated and turbid water so that it may 
be safely drunk; they are not intended 
to treat raw water approaching sewage 
plant effluents in quality. A combina-— 
tion of current sewage and water treat-_ 
ment processes should, therefore, not 
be considered adequate to convert sew- 
age to safe drinking water. Total re- 
covery of the pure water in municipal 
sewage will require a much better 
understanding of the microbial and 
chemical challenges involved. Ex- 
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panded research on advanced water- 
cleansing processes is necessary. 
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Monitoring the Ohio River for Synthetic- 


Detergent Content 


Paul J. Weaver and Francis ]. Coughlin—— 


A contribution to the Journal by Paul J. Weaver, Head, San, Eng. 
Research Services, and Francis J. Coughlin, Assoc. Director, both of 


the Product Development Diw., 
Gamble Co., Cincinnati, Ohio. 


average concentration of sur- 

face-active agents in the Ohio 
River at Cincinnati, based on weekly 
analyses with the methylene blue pro- 
cedure over a 5-year period, has been 
0.16 ppm, measured as “apparent 
ABS.” (ABS is the abbreviation for 
alkyl benzene sulfonate, the principal 
surfactant in household synthetic deter- 
gents.) This is a small concentration, 
particularly when compared with the 
l-ppm concentration reported as the 
approximate value at which light 
frothing may first appear. During this 
period there was no increase or 
build-up of the apparent ABS content, 
and no water treatment problems that 
might be associated with detergents 
were reported. 

These results are based on a moni- 
toring program started by Procter & 
Gamble Co., Cincinnati, Ohio, early in 
1954. The program was established 
as a part of the work of the Detergent 
Subcommittee of the Chemical Industry 
Committee, advisory to the Ohio River 
Valley Water Sanitation Commission 
(Orsanco). This subcommittee was 
formed at the suggestion of Edward 
J. Cleary, executive director and chief 
engineer of Orsanco, to aid in the ap- 
praisal of questions concerning the pos- 
sible effects of synthetic detergents in 


water and sewage. 


Ivorydale Tech. Center, Procter & 


Probably the most significant of the 
various steps taken by the Detergent — 
Subcommittee was that of enlisting the 
support of the Association of American — 
Soap & Glycerine Producers, New 
York, N.Y., in a major research effort: 
directed toward answering the ques- 
tions about the effects of synthetic de- 
tergents. The association’s research | 
has been reported at its 1956-1959 an- 
nual conventions by Coughlin and 
Moss.** The monitoring program on 
the Ohio River, however, is not so ~ ’ 
known. 


Monitoring Program 


When the Detergent Subcommittee 
was organized in 1954, the Procter 7 
Gamble representative, being the mem- 
ber of the subcommittee located nearest 
to the Ohio River, volunteered to set 
up a regular weekly program to moni-— 
tor ABS. Since that time, and during 
the period covered by this article, only 
a portion of the domestic sewage of 
Cincinnati has been treated, so that 
the large bulk of the city sewage has 
been introduced directly into the Ohio 
River. This condition, of course, is 
now being alleviated as _ treatment 
plants are completed and put into op- 
eration. During the report period, 
however, this kind of sewage — 
provided a good indication of the ABS 
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Fig. 1. Apparent ABS Concentrations With Relation to River Flow in 
Ohio River at Cincinnati 


The solid curves represent the ABS concentrations; the dashed curves, river flow. 
The rough relationship between increasing river flow and decreasing apparent ABS 
is inadequate for predicting the ABS level from river flow at any specific time. 


| 
= A \ q 
0.25 \ + 4 # \ + + : Ni x 106 
A 
| \ A | L\., 
/ 
| i= | | h 
\/ \ | \ | 
0.75 300 
\ | \ | \ A / 
\ \ NOGA 
J \ \ 
0 
= 


May 1960 SYNTHETIC 
concentrations that might be expected 
in a river such as the Ohio when essen- 
tially all the wastes, including synthetic 
detergents that the housewife pours 
down the drain, flow directly into the 
river without any biologic treatment, 
except that which might take place in 
the sewer lines themselves. 

A sampling point was selected just 
below Cincinnati at Anderson Ferry, 
Ohio, where a small river ferry carries 
automobile traffic between Ohio and 
Kentucky. This ferry makes it easy 
to take samples at different points 
across the entire river. At this site, 
close to the point where ABS is intro- 
duced into the river, the highest con- 
centration is expected, because no more 
than the normal diluting effect of the 
river takes place, and there is little 
time for ABS die-away. 

Samples were obtained once a week, 
with either three or four samples taken 
on each weekly visit. These were ob- 
tained by lowering a sampler into the 
river from the ferry to a depth of 2 ft. 
The samples were immediately trans- 
ferred to quart-sized mason jars, and 
0.5 per cent by volume of chloroform 
was added to prevent bacterial degra- 
dation of the ABS. All equipment was 
carefully cleaned with acid prior to use, 
so that no residual ABS was present 
on the glassware. The individual sam- 
ples were then sent to Procter & Gam- 
ble’s service laboratory for analysis and 
averaged to give a weekly result. 


TABLE 1 
ABS Concentrations in Ohio River Samples* 


Classification Apparent ABSt 
ppm 


* Base: 832 individual samples, oe 1 day per 
week during Jan. 21, 1954—Mar. 31, 
t+ As determined by the Due procedure, 


Median 
Average 
Weekly high 
Weekly low 


0.12 
0.16 
0.59 
0.01 
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OHIO RIVER 


Number of Analyses at Given Concentration 
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Fig. 2. Frequency Distribution of 


Apparent ABS 


The frequency distribution is for data’ 

shown in Fig. 1—832 individual samples 

collected during Jan. 21, 1954—Mar. 31, 
1959. 


It should be noted that the analytic 
method used in this program was, from 
the beginning, the methylene blue pro- 
cedure, as modified by Degens and 
associates ° from the basic method of 
Jones.® This is the same method pub- 
lished by AWWA Task Group 2662 P- 
—Analytical Methods for Synthetic 
Detergents.” Despite the fact that this — 
method is known to be subject to inter-— 
ferences from naturally occurring mate-_ 
rials—which will analyze as ABS when 
actually they are not—and despite the 
fact that these interferences are pres- 
ent in practically all surface waters, 
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the method was used from the start for 
two reasons. First, when the program 
was initiated, it was the only method 
Second, it was eventually 
the sum of the 


available. 
ascertained that even 
true ABS concentration and the con 
centration of interfering materials re- 
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check, by the precise infrared method, 
any individual samples with relatively 
high indicated ABS levels. In addi- 
tion, eleven samples were routinely 
analyzed by the infrared method to ob 
tain background information on the 
degree that materials in the Ohio River 
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Fig. 3. Apparent ABS Data Plotted on Logarithmic Probability Scale 


I'rom this type of graph, the percentage of values at or less than any given concentra 
tion can be determined, and an indication readily obtained of how often the greater 
concentrations may be expected. 


sulted in such a low apparent ABS 
level that it was unnecessary to deter- 
mine the true ABS level by the lengthy 
infrared referee procedure developed 


interfere with the methylene blue 


pre cedure. 


Monitoring Results 


Table 1 shows the overall median, 
overall average, weekly high, and 
weekly low results obtained from the 


later by the Analytical Subcommittee 
of the Soap Association.2 At the 
same time, preparations were made to 
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analysis for apparent ABS of 832 indi- 
vidual samples taken during January 
1954—-March 1959. The median figure, 
0.12 ppm apparent ABS, is probably 
a more realistic value than the average 
figure of 0.16 ppm for the typical ap 
parent ABS levels to be expected in 
the Ohio River. Of all these samples, 
only one week’s series analyzed at a 
value greater than the weekly high 
that is shown in Table 1. This 
greater value of 1.6 ppm is not in- 
cluded in Table 1 because it clearly 
should be discarded, based on statistical 
considerations. 

With regard to the series of samples 
analyzed at 1.6 ppm, it should be noted 
that when the samples were taken there 
was no evidence of frothing or other 
unusual effect. As soon as the appar- 
ent ABS content was available, an ad- 
ditional sample was obtained so that 
the infrared procedure could establish 
how much of the 1.6 ppm was true 
ABS and how much interference. Un- 
fortunately for this purpose, when the 
check sample was taken the river was 
back to its normal low levels. 

Figure 1 shows these data by month 
and year. For comparative purposes, 
data are also included for the river flow 
on the comparable sampling date. 
There seemed to be a rough correlation 
between increasing river flow and de- 
creasing apparent ABS content, and 
a statistical analysis confirmed that a 
general inverse relationship exists. 
This relationship, however, is not ade- 
quate for predicting the ABS level 
from river flow at any specific time, as 
can be seen by the extreme variability 
of the plotted data. 

Figure 2 shows the individual data 
plotted as a frequency curve. The 
large bulk of results were in the range 
of 0.04-0.22 ppm apparent ABS. The 
limits of this range bracket the median 
and average values. 


DETERGENTS 


IN OHIO RIVER 


The same overall data plotted on a 
logarithmic probability scale are shown 
in Fig. 3. From this type of graph, the 
percentage of values found at or below 
any given concentration can be deter 
mined, and an indication readily ob 
tained of how often the greater concen- 
trations may be expected. For example, 


the figure shows that in the Ohio River | 


below Cincinnati, 90 per cent of the 
time the concentrations of apparent 


TABLE 2 


Comparison of Results of the Referee Infrared 
Procedure and Methylene Blue Procedure 


Procedure 


Methylene 


Date Sampled 
arec 
1058* Infrared Blue 


ABS Concentration —ppm 


Feb 0.02 0.09 
Feb. 0.12 0.18 
Mar. 0.07 0.07 
Mar. 0.02 0.05 
Mar. 0.03 0.06 
Apr. 0.02 0.18 
Apr. 0.03 0.22 
May 0.01 0.04 
May 27 0.02 0.10 
Sep. 0.03 0.21 
Feb. 0.01 0.10 


Average 0.04 0.12 


| 


* Except for the last date, Feb. 10, 1959, 


ABS, as determined by the methylene 
blue procedure, were 0.32 ppm or less; 


tions were no greater than 0.41 ppm. 
If there are no major changes in the 
use or formulations of detergents, it 
becomes clear that only rarely can the 
larger apparent ABS concentrations 
be expected in the future. 

Table 2 compares the results ob- 
tained from the eleven samples ana- 
lyzed by the referee infrared procedure 
and the methylene blue procedure. Al- 


95 per cent of the time, the concentra-_ 
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though these randomly chosen samples 
showed small ABS concentrations with 
hoth methods, the fact that positive 
interferences were present in most in 

Predominating nega 

tive interferences were absent in all 


stances is clear. 


 . 
The monitoring program, which has 
heen in progress over the past 5 years, 
shows that the apparent ABS concen- 
trations found in the Ohio River just 
below Cincinnati are small and are not 
increasing. The true ABS concentra- 
tions must be even less than the aver- 
age of 0.16 ppm found. During this 
sampling period there has been no 
problem with the treatment of water 
for community purposes which in any 
way could be attributed to synthetic 
detergents. The duration of the moni- 


instances, 


Summary 


toring period and the general observa- 


tion of conditions on the Ohio appear 
to be adequate to give a reliable pic- 
ture. The results of the program indi- 
cate that problems due to detergents 
should not be expected in the future. 
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(Jan. 21, 1959). 
Determina- 
tion of Sulfate and Sulfonate Anion- 
Active Detergents in Sewage. J. Appl. 
Chem., 3:54 (1953). 
General Colorimetric 
Method for Determination of Small 
Quantities of Sulfonated or Sulfated 
Surface Active Compounds. J. Assoc. 
Off. Agr. Chemists, 28:398 (1945). 
Determination of 
Synthetic Detergent Content of Raw- 
Water Supplies. Jour. AWWA, 
50 :1343 (Oct. 1958). 
Determination of 
Alkyl Benzene- 
Anal. Chem., 


Trace Amounts. of 
Sulfonates in Water. 
28 :1822 (1956). 
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Survey of Free-Living 


Nematodes and Amebas 


in Municipal Supplies 


Shih L. Chang, Richard L. Woodward. 


A contribution to the 
Richard L. 


Cincinnati, Ohio. 

HE persistent occurrence of free- 

living nematodes in a city water 
supply was reported in May 19591 
and has led to the speculation that the 
presence of nematodes in municipal 
water supplies may be more common 
than has been generaliy realized. A 
survey of a representative group of 
large city water supplies in the United 
States has, therefore, been conducted. 
A search for viable cysts of free-living 
amebas in the finished waters has also 
been made. 


Survey Methods 


Arrangements for collection and 
shipment of one raw- and one finished- 
water sample were made either directly 
with the water utility, water commis- 
sioners, state health departments, or 
through the regional offices of USPHS. 
All samples were collected in 24-liter 
plastic bottles and shipped without re- 
frigeration or preservatives. 

Upon receipt of the samples, the en- 
tire volume of each sample was filtered 
through a SS type (3p pore size) 
membrane filter, and the concentrate 
was examined in the manner described 
in the previous article." When nema 
todes were observed under the micro- 
scope, the whole concentrate was 
pipeted into a centrifuge tube and cen- 
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trifuged at 500 rpm for 5 min. The 
sediment thus obtained was used in 
preparing stained specimens for identi- 
fication. When a concentrate showed a 
worm population of more than 10 per 
gallon, half of the sediment was used 
in identification and the other half in 
cultivation by the technique described 
in another report.* 

When a raw-water sample had - 
high turbidity and, consequently, a 
poor filtrability, 500-1,000 ml was fil- 
tered through 2-4 membranes. The 
concentrate washed from 
membrane and examined separately to 
avoid the possibility of overlooking 
nematodes hidden by particulate matter. 


was 


When amebic cysts were shown to 


be present in a finished-water sample, 
2-3 drops of the sediment, after cen- 
trifuging, were placed on a_ buffered 
sucrose nitrate agar plate preseeded 
with Proteus sens for viability and 
identification.* 


Results 


During the 11-month period begin- 
ning in December 1958, 22 city water 
supplies had been examined. Of this 
total, fifteen used river waters as their 
sources of supply, six used lake or im- 
pounded waters, and one used im- 
pounded river water. The occurrence 
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of nematodes and amebas in_ these 
water supplies is shown in Table 1, and 
the distributions of nematode genera 
and amebic genera and species are 
shown in Table 2. 
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ing nematodes showed popuiations of 
more than 10 worms per gallon in the 
raw water, and two of them had 30 
or more worms per gallon. Ten of 
the finished-water samples showed a 


TABLE 1 


Occurrence of Free-Living Nematodes and Amebas in Municipal Water Supplies 


| Raw- 
Water* 
Source Type 


Raw Water Finished Water 
Live Amebic Cyst 


in Finished Water 


Treatmentt | | 

| Alive | Dead | Total | Alive Dead | Total | 
| 


| Estimated No. of Worms per Gallon 


Georgia RD 5 | of 0 | 
Galton RD | 
Washington RD 


Pennsylvania SD 
Michigan RD 
Texas RD 


RD 
RID 
RID 


Massachusetts 
Louisiana 


RI) 
kD 


Kansas 
New York 


West Virginia 


Maryland 
Texas 
Tennessee 


RD 
RID 
RID 


+++ 


RD 


Colorado 


Indiana RD 0 
Minnesota 0 0 
Oklahoma RID 0 0 


California 1) 
Massachusetts 
New York | I) 


* Key: R, river; I, impoundment; L, lake. E ae i 
t Key: R, rapid sand filtration; S, slow sand filtration; L, lime or_lime-soda softening; I, ion-exchange; D 
disinfection. 


(not examined) 
(not examined) 
(not examined) 


t Plus sign indicates presence of cysts; minus indicated that none were found 
§ Impounded raw water from this river showed no nematode worms 


In Table | it can be seen that of reduction in nematode population an 


the fifteen supplies taken from rivers, 
all but one contained live or dead nema- 
todes in both the raw and the finished 
waters. Half of the supplies contain- 


four contained the same numbers o 
worms as the raw samples. Althougl 
live worms were found in all of the 
raw river water samples, four of the 
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finished-water samples showed dead 
worms only. 

The highest nematode densities were 
ybserved in raw-water samples from a 
river in Texas and another one in West 
Virginia. No nematodes were found 
in the raw samples from the river in 
Michigan. The supply that drew raw 
water from a river after impoundment 
in Colorado showed a low nematode 
lensity in the river water but no worms 
n the impounded water. Although the 
‘oncentration of nematodes in the fin- 
shed water of this supply was two 
worms per gallon, only one organism 
was actually found in the volume exam- 
ned. The concentrations of worms in 
the three samples from this supply can- 
not be considered significantly different 
from one another. 

Although a few of the worms seen 
in the raw water were adults, all of 
those found in the finished water were 
larvae of various stages of development 
except the two male vinegar eels (Tur- 
hatrix aceti) which were present in the 
river water sample from Tennessee. 
The adults of this species range from 
0.5 mm to 2.0 mm in length and from 
0.05 mm to 0.08 mm in width; the 
larvae are 0.1-0.4 mm long and 0.01- 
0.05 mm in width. 

One lake supply in Indiana con- 
tained small numbers of nematodes. 
None of the other five supplies that 
used impounded water and water from 
a lake in Minnesota contained nema- 
todes in the finished-water samples. 
The finished-water sample from the 
California impounded supply was coi- 
lected from a storage reservoir, and 
sumples from the Massachusetts and 
New York impounded supplies were 
taken from taps of the distribution 
system. 

The identified nematodes were as- 
signed to the following genera in a 
decreasing order of frequency: Mon- 
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hystera, Aphelenchus, Rhabditis, Di- 
plogaster, Cephalobus, Turbatrix, and 
Dorylaimus. Three were unidentified 
because the specimens were lost during 
preparation for staining. 

From the 11 specimens planted, four 
cultures of Rhabditis, Diplogaster, 
Cephalobus and a questionable Chei- 
lobus were successful. One of the 
Rhabditis nematodes was_ tentatively 


TABLE 2 


Distribution of Free-Living Nematodes and 7 


Amebas in Water Supplies by 
Genera and Species 


No. of 
Suppliest 
Containing 
Organism 


Organism* State Location 


Nematodes 

A phelenchus 

Cephalobus 

Cheilobus quadri- 
labiatust 

Diplogaster nudi- 
captlatus 

Di plogaster 

Dorylaimus 

Vonhystera 


W.Va.; Tenn.; Tex. 
Kan.; Ind. 


Wash. 


N.Y.; Tex. 
Pa.; Md.; Tex. 
Ga.; Tenn. 
Calif.: La.; Colo. 


Rhabditis 
Turbatrix aceti 
Unidentified§ 
\mebas 
Naegleria gruberi 
Hartmannella 
glebae 
Hartmannella 
agricola 
Hartmannella 
rhysodes 1 
Unidentified 2 


wr w 


Nw 


Kan,; Tex. 
Tex. 


Tenn, 
Mass.; Md. 


* Species included where known. 

+ All are river sources except for the Indiana source, 
which is a lake. 

t Species identification uncertain. 

§ Specimens lost in preparation for staining. 


identified as R. limicola and one of the 
Diplogaster as D. nudicapitatus. The 
Cephalobus culture was lost in the sec- 


ond transfer. The questionable Chei-_ 


lobus resembled C. quadrilabiatus but 
its mixed morphological characteristics 
caused Vernon G. Perry, professor of 
nematology at the University of Flor- 
ida, to suspect that it might be a new 
genus possessing features of two differ- 
ent families. 
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Of particular interest was the pres- 
ence of a strong earthy or musty odor 
in the nematode cultures. As has been 
reported,’ the odors of the cultures 
were indistinguishable from one an- 
other and were caused by a brownish, 
oily, gummy substance which could be 
extracted from the cultural fluid with 
benzene or carbon tetrachloride and 
produced a distinct odor when a drop 
of it was placed in a liter of water. 
The role played by nematodes in the 
odor of water supplies remains to be 
ascertained. Cobb,' as early as 1918, 
indicated that the free-living nematodes 
present in slow sand filters might af- 
fect the odor and taste of city water 
supplies. 

Viable cysts of free-living amebas 
were present in finished-water samples 
from eight of the fifteen supplies that 
used river water exclusively as their 
source. No demonstrable cysts were 
found in seven supplies that used im- 
pounded or lake waters. Of the posi- 
tive cultures, two were Naegleria gru- 
beri and six were of the Hlartmannella 
genus, four known and two unknown 
species. The cyst densities were quite 
low and fell in the range of 10-15 per 
gallon. © 


Discussion 


The results of this investigation indi- 
cate that the presence of free-living 
nematodes in municipal water supplies 
in the United States is a_ relatively 
common phenomenon. This is par- 
ticularly true of those supplies that 
use river waters as their source. A\l- 
though it seems that the nematodes in 
finished water are of raw-water origin, 
one cannot exclude the possibility of 
their coming from breeding 
tablished in the treatment plants or 
distribution systems. 
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Cobb* has reported that nematode 
populations of hundreds of millions per 
acre may be found in the top 3 in. of 
sand in a slow sand filter bed. In 
a recent study,’ no nematodes were 
found in sand samples taken at various 
depths in the rapid sand filters, al- 
though nematodes were demonstrated 
to be present in the finished water. 
This, however, does not exclude the 
possibility of the nematode breeding in 
the gravels, where conditions are defi- 
nitely more favorable for worm propa- 
gation than in the sand. 

The presence of a relatively large 
number of nematodes in the river water 
in West Virginia confirms earlier ob- 
servations on the same river in Ohio. 
Interestingly, the river on which the 
water treatment plant was located has 
been well known for its heavy pollution 
by domestic sewage. The fourfold re- 
duction in nematode population in the 
finished water reflects the efficiency of 
the treatment processes. 

It has been the experience of one 
of the authors that nematodes of the 
Rhabditidae family are frequently 
found in large numbers in trickling 
filters. A strain of R. limicola has been 
isolated from such a sewage treatment 
plant in Cincinnati* and a strain of 
D. nudicapitatus from a sewage treat- 
ment plant of the same type in Chanute, 
Kan.° A nematode identical to the 
questionable C. quadrilabiatus was also 
isolated from the effluent of a Chi- 
cago municipal activated-sludge sewage 
treatment plant. It has been further 
shown’ that D. nudicapitatus and C. 
quadrilabiatus can ingest Salmonella 
and Shigella bacilli as well as Cox 
sackie and ECHO viruses, that 5-16 
per cent of the ingested organisms can 
survive for 24 hr at 25°C, and that the 
nematode-borne organisms are com- 
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pletely protected against chlorination 
even when more than 90 per cent of 
the carrier worms are immobilized. 
[hese observations indicate that al- 
though the free-living nematodes are, 
by themselves, harmless when ingested, 
those of the Rhabditidae family can be 
of sewage origin and, therefore, car- 
riers of pathogenic enteric bacteria and 
viruses. Although the chances that 
individual nematodes will ingest 
pathogens under normal conditions of 
sewage treatment are very small, the 
possibility of the nematodes being 
pathogen carriers deserves some con- 
sideration when significant numbers of 
them are carried by finished water. It 
is therefore suggested that the source 
of nematodes in finished waters con- 
taining more than 10 nematodes per 
gallon should be investigated and that 
remedial measures be effected. 


The frequent presence of viable 


cysts of the free-living amebas in the 
finished water of those supplies using 
river waters is an interesting phenome- 


non. The value of their presence as 
indicators of treatment plant efficiency 
is not known at present, as the source 
of these. cysts cannot be established 
with certainty. They might, however, 
be confused with cysts of Endameba 
histolytica in tap water during periods 
of waterborne amebiasis. Suspicious 
cysts found under such conditions 
should be identified by cultural as well 
as by morphological characteristics. 
As the survey included only single 
grab samples from the various sampling 
points, one cannot attach great signifi- 
cance to the differences between the 
numbers of organisms found at one 
plant and those found at another, nor 
to the differences between the apparent 
removal efficiency of one plant as com- 
pared to those at others. In a previous 
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study’ large variations in nematode 
concentration were found at one supply 
during the period of the study, as well 
as marked variations in removal effi- 
ciency of the treatment plant. It would 
also appear that conventional treatment 
processes are not highly effective in re- 
moving or killing free-living nematodes. 


Summary 


The occurrence of free-living nema- 
todes and amebas in municipal water 
supplies in the United States has been 
studied. The findings of the survey 
are: 

1. Sixteen of 22 water supplies con- 
tained nematodes in both raw and fin- 
ished water. Of the sixteen supplies 
containing nematodes, fourteen used 
river waters as their raw source and 
one used a river water after impound- 
ment. Of the six supplies with no 
nematodes, four used impounded wa- 
ters, used lake water, and 
used a river water for the raw sources. 

2. Seven of the river waters showed 
nematode densities of more than 10 
per gallon, the two highest being 30 
and 38 per gallon. Two of these river 
water supplies showed no reduction in 
nematode density in the finished water. 

3. The nematodes present in these 
supplies were assigned to the genera 
Aphelenchus, Cephalobus, Cheilobus, 
Diplogaster, Dorylaimus, Monhvystera, 
Rhabditis, and Turbatrix (vinegar 
eel), of which the Cheilobus, Diplogas- 
ter, and Rhabditis have been found in 
large numbers in trickling filters. 

4. One strain each of C. quadrilabi- 
atus, D, nudicaptiatus, and R. limicola 
has been isolated in pure cultures. A 
highly odorous, oily, gummy substance — 
was liberated by these nematodes in ; 
cultures. It produced a distinct 
or musty odor when one drop of the 
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oily material was diluted with 1 liter 
of water. The possible role played by 
these nematodes in producing odor 
and taste in water supplies has been 
discussed. 

5. Eight supplies showed small num- 
bers of viable cysts of free-living 
amebas of the Naegleria and Hartman- 
nella genera in their finished water. 
All of these supplies used river waters 
as their raw source. 

The possible sanitary significance of 
free-living nematodes in finished waters 
has been conjectured, because several 
members of the Rhabditidae family 
have been found in large numbers in 
trickling filters, and because some of 
the Rhabditidae are known to ingest 
pathogenic bacteria and viruses and 
to protect them against the action of 
chlorine. The sanitary significance and 
implications of viable cysts of free- 
living amebas in finished water could 
not be definitely established. The pos- 
sibility of confusing cysts of free-living 
amebas with cysts of FE. histolytica in 
suspected waterborne amebiasis has 
heen emphasized. 
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A report of Task Group 2450 R- 


Task Group Report 


Underground Waste Disposal and 


Control, presented on Jul, 15, 1959, at the Annual Conference, San 
Francisco, Calif., by Lynn M. Miller (Chairman), Jones, Henry & 


Other members of the task ~- 


Williams, Cons. Engrs., Toledo, Ohio. 
G. Fiedler, G. E. Glover, C. E. Carl, 
W.N. Gahr, E. F. Gloyna, R. R. Kountz, G. W. Moore, and H. R. 


group were J. G. Ferris, A. 


Wilke. 


last te Task Group 
2450R pointed out the need for 
group work on a regional scale, in 
contrast to group work on a national 
scale, to study ground water contami- 
nation. To date, no regional study 
groups or task groups have — been 
organized. 

Task Group 2450 R was reorganized 
in 1958-59, with the addition of new 
members and the provision for greater 
geographic distribution of members 
and more complete reporting coverage. 
A new program of investigation was 
undertaken for the purpose of pro- 
viding a yardstick of quality that could 
be better used to detect certain types 
of ground water contamination. The 
basic duties pertaining to the observa- 
tion of, and reporting on, surface and 
subsurface liquid waste disposal were 
reaffirmed. 


Trace Constituents 


It was evident at the outset that the 
average chemical analysis of potable 
water supplies does not include deter- 
minations of ion concentrations that 
are not commonly objectionable in 
potable ground waters. Such concen- 
trations usually represent the major 


mineral constituents of the geologic 
formations with which ground water 
is associated in its natural environment. 
Because of this, the concentrations are 
not relative to the quantity of elements 
available to the solution but to such 
factors as the pH of the water and the 
abundance of other soluble compounds 
that govern the complexity of the 
chemical environment. 

The selection of suitable trace con- 
stituents is becoming increasingly com- 
plex and difficult because of the re- 
quirements for selection. Some _ of 
these are: 

1. The element must occur in natu- 
ral water-soluble compounds. 

2. Concentration determinations must 
not be difficult or expensive. 

3. The elements must be common 
enough to occur, to some degree, in 
most natural ground waters and a 
large portion of the probable liquid- 
waste contaminants. 

4. The compounds of the element 
should be stable enough to avoid the 
formation of insoluble hydroxides or 
other compounds of low solubility 
when a change of environment occurs. 

It is evident that the selection of 
proper elements for purposes of meas- 
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urement must entail considerable re- 
search and a large number of diversi- 
fied scientific considerations: Much 
ground work is being accomplished 
by the Quality of Water Branch of 
USGS. It will be some time, however, 
before sufficient nationwide water sam- 
pling and studies will provide enough 
data for the particular purpose at hand. 


Liquid-Waste Disposal 


Much is being learned about the 
complexities of liquid-waste disposal by 
those who have the disposal problems. 
Various pharmaceutical concerns, paper 
companies, industrial metal processors, 
and small-parts manufacturers have en- 
countered serious maintenance and pro- 
cedural problems in the operation of 
a variety of raw-waste disposal facili- 
ties. The result has been that many 
new plant facilities are being installed 
with provisions for nearly complete 
treatment of liquid wastes before dis- 
posal. In some instances, the expense 
of this treatment may be partially offset 
by the savings realized through the 
recovery and reuse of chemical com- 
pounds in the waste solutions. In all 
such instances, the costs, when amor- 
tized over the period of plant use, indi- 
cate a savings over most disposal meth- 
using injection or subsurface- 
discharge techniques. 


ods 


Subsurface Disposal 


The disposal of liquid wastes through 
wells has received considerable atten- 
tion from industry and governmental 
agencies. The problems inherent in 
the process of injecting liquid wastes 
have been compounded by statutory 
restrictions 

Most considered for sub 
surface disposal were so objectionable 
that it was thought sound policy to 
get them out of the way by planting. 
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The fallacy of this philosophy becomes 
evident when potable ground waters 
show evidence of contamination and 
demonstrate that the liquid bodies do 
not always stay where they are planted. 
Statutory regulations and public opin- 
ion dictate the need for rigid standards 
regarding the construction of disposal 
wells and for careful selection of 
ground formations used for disposal. 

Almost without exception, the ap- 
proved disposal formations have rela- 
tively low porosity and permeability. 
For these reasons, formation plugging 
occurs with ease, and injection pres- 
sures attain hazardous magnitudes. 
To combat this situation, it is necessary 
to improve on original conditions of 
the wastes to provide a solution that 
is compatible with the physical chem- 
istry of the formation and the fluids 
therein. The costs, 3 mills—} cent per 
barrel, of clarifying, filtering, and gen- 
eral pH conditioning of the wastes 
usually necessitate serious considera- 
tion of the eliminaiton of deep-well 
construction and the required treat- 
ment to permit surface disposal of the 
effluents. Direct surface water dis- 
posals of toxic materials and other con- 
taminants receive much scrutiny and 
are, therefore, seldom a_ long-term 
problem, unless such disposals have at- 
tained legal priority by virtue of ex- 
tended practice. 


Ground Surface Disposal 


Statutory regulations against the 
continued dumping of wastes into sur- 
face water courses have forced many 
industrial plants, such as paper and 
food processing plants, to seek other 
methods of waste disposal. The sea- 
sonal operation of food-processing 
plants presents a considerable problem 
for the operation of normal treatment 
facilities. The large volume of waste 
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flows from both types of plants dic- 
tates the need for extensive treatment 
plant facilities. These factors have 
provoked much interest and investiga- 
tion of ground surface disposal and 
natural diminution of high BOD’s. 
The practices receiving the most atten- 
tion are those of ponding for initial 
settling and spraying or ditch-spreading 
application to large land areas. Where 
possible, the land application practices 
have been coordinated with supple- 
mental crop irrigation. The results 
have been quite successful and 
economical. 

Some serious problems have oc- 
curred in Wisconsin and Michigan be- 
cause inadequate investigation failed to 
reveal sufficient data concerning soil 
and water table characteristics. Some 
shallow well waters developed un- 
desirable taste, odor, and color. In 
ground surface disposal, contamination 


results when the rate of waste applica- 
tion is in excess of the evaporation- 
transpiration requirements of vegetal 
cover, causing the applied waters, be- 
cause of percolation, to extend beyond 


the limits of the disposal area. Con- 
trols over this condition should be 
exercised through the installation of 
shallow wells around the disposal area 
and regular sampling to detect changes 
in ground water quality. 

Similar practices to dispose of wastes 
that have a heavy load of inorganic 
contaminants have been unsuccessful. 
Despite the research and investigations 
being undertaken by industry, rigid 
statutory control and regulations must 
be enforced to avoid the widespread use 
of ground surface disposal of wastes 
that cannot be dissipated through the 
natural or agricultural flora controls 
and processes. 

Ponding and ground surface waste 
disposal continue to be the practices 
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most hazardous to potable ground 
water supplies and should receive con- 
tinued scrutiny. 


Contamination by Domestic Wastes 


Several instances of contamination 
by effluents from domestic waste- 
disposal systems have been recorded in 
previous reports from all parts of the 
United States. It was long anticipated 
that this source of contamination might 
become more troublesome as areas be- 
came more developed and the use of 
the disposal systems more widespread. 

A JouRNAL article* on synthetic 
detergents in ground water relates the 
details of a study conducted in a resi- 
dential area at Babylon, N.Y. The 
study was motivated by the appear- 
ance of synthetic detergents (syndets ) 
in the individual domestic wells supply- 
ing homes in the area. Originally, at- 
tention was drawn to the area by the 
occurrence of hexavalent chromium 
contamination in one well that was situ- 
ated about 400 ft from the waste dis- 
charge of a plating plant. Shallow 
sands and gravels permitted the rapid 
migration of the toxic chromium waste, 
which was first detected because of 
its color. Syndet contamination was 
suspected in neighboring wells because 
of taste, odor, and frothing conditions. 

More than 180 private wells were 
sampled and travel distances for septic 
effluents determined. The time of syn- 
det appearance seemed to be propor- 
tional to the distance of the wells from 
neighboring septic tanks. But protec- 
tion against syndet contamination of 
wells is not insured by increasing this 
distance. Incidents on record indicate 
that syndets have traveled several hun- 
dred feet and have appeared in irri- 
gation wells and domestic wells. There 
does not appear to be any deterioration 
of the syndet components with time or 
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distance of travel. For this reason, it 
is logical to assume that the time of 
syndet appearance is equally a funce- 
tion of distance, pumping rate, and 
geology of the area. 

It is to be expected that more ancl 
more instances of syndet contamination 
will be discovered if the phenomenal 
Syn- 
two- 


increase in syndet use continues. 
dets now constitute more than 
thirds of all cleaning agents sold. 


Statutory Trends 


A report presented at the Four- 
teenth Annual Purdue Industrial Waste 
Conference, on May 5, 1959, sum- 
marized several important facts con- 
cerning the statutory control of ground 
water pollution practices : 


The Public Health Service has issued 
a “Suggested State Water Pollution Con- 
trol Act.” Thirty-five states have com- 
prehensive state water pollution control 
statutes (vesting broad powers in a state 
agency subject to a court review) de- 
signed to control the pollution of all 
waters of the state without exception. 


Much of the new activity in the field 
of statutory controls may have been 
motivated by the federal Water Pollu- 
tion Control Act referred to by Stein.* 
Many states have considered financial 


inducements for compliance with the — 
statutory controls, these inducements | 


being in the form of tax relief to indus- 


GROUP 
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tries and direct aid to municipalities. 
In the near future, other states may 
employ a system of penalties for 
noncompliance 


Conclusions 


Industries and legislative bodies are 
becoming more aware of the problems. 
concerned with liquid-waste disposal 
and ground water contamination. 
Many problems are being eliminated, 
but new ones are developing. Much 
work must be accomplished and con- 
stant precautions taken to insure the 
continued satisfactory conditions de- 
veloped by present facilities. 

Standards should be developed for 
guides in evaluating disposal techniques 
and detecting unsatisfactory disposal 


practices. The increasing complexity 


of liquid wastes may require that stand- 
ards be made flexible in order that they 
may be adapted to changing conditions. 
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Test of Paints for Water Tank Interiors 7 


John D. Keane and Joseph Bigos " 


A report of the Research Committee of the Steel Structures Painting | 
— Council, prepared by John D. Keane, Director of Research, and Jo-— 
seph Bigos, former Director, both of Steel Structures Painting Coun- 
cil, Pittsburgh, Pa., with the cooperation of the Ambridge \Water 
Authority, Ambridge, Pa., and the Pittsburgh-Des Moines Steel Co., 


Pittsburgh, Pa. 


N 1950, the Steet Structures Paint- 

ing Council (SSPC), the Ambridge 
Water Authority, and the Pittsburgh- 
Des Moines Steel Co., all located in 
the Pittsburgh area, cooperated in un- 
dertaking an extensive test of paints 
for use on the interior of water tanks. 
The purpose of this test was to evaluate 
the relative performance of several of 
the most serviceable conventional paint 
systems applied to surfaces that had 
been blast cleaned. Also evaluated 
were several of the vinyl paints avail- 
able at that time. 

A 1-mil gal open-topped steel tank, 
84 ft in diameter and 25 ft high, was 
selected as the test site. It is located 
about 20 mi north of Pittsburgh, at 
Ambridge, Pa. The inside of the tank 
was divided into 54 panels. Each of 
the panels received a system consisting 
of some combination made up from 
twelve paint systems, two pretreat- 
ments, and ten methods of surface 
preparation. Descriptions of the paint 
systems are presented in Tables 1 
and 2. 

Surface preparation consisted of 
blast cleaning with several alternative 
types and sizes of abrasives (Fig. 1) in 
accordance with specifications SSPC- 
SP6-52T and, for small areas, SSPC- 
SP7-52T and SSPC-SP3-52T. Pre- 
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treatment consisted of either a vinyl 
washcoat or a phosphoric acid treat- 
ment. In all instances, the panels were 
blast cleaned and the pretreatment or 
primer applied before any detrimental 
rusting could occur. Paints were ap- 
plied by brush and spray application 
in accordance with SSPC-PA1-53T. 
The bottom of the tank was cleaned 
by the Ambridge Water Department 
and painted the same as Panel 17. 
The tank was filled with water on Dec. 
‘ 

Preparation of Test 

1. Blast Section CG16 with chilled 


cast-iron crushed grit, size G16. 

2. Spray on the chemical treatment 
and allow to dry. Metal preparation 
(No. 28) is made up of one part MP28 
to two parts water; mix in a wooden 
bucket before applying with brush, 
mop, or dauber. Allow to dry for 
about 1 hr before sweeping off the 
loose white-gray powder prior to ap- 
plication of paint. Wash primers are 
made up of four parts pigmented ve- 
hicle to one part phosphoric diluent 
(mixing liquid). This mixture should 
be used within 8 hr or discarded. 

3. Spray on first coat of paint 
(Amercoat is brushed on). 
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4. For each of the remaining panels, 
blast clean with the abrasive specified 
in Table 1. Apply the designated 
chemical treatment and first 
Allow to set before blast cleaning the 


coat. 


next panel. 
5. Apply second coat of paint to all 
panels, being careful to spray the left 


21-30 
mo 16 


Fig. 1. 


J. D. KEANE 


& J. BIGOS Jour. AWWA 


half of each panel and to brush the 
right half. Half panels are about 29 
in. wide. 

6. Apply third (last) coat of paint 
to all panels, being careful to spray the 
left half and to brush the right half. 
Clean, treat, prime, and _ finish 
paint the inner 64 ft of the bottom, 


31.34 
MG 25 


Surface Preparation of Test Area 


The outer ring of numbers designates the test panels (dotted lines) in each outlined 


portion of the tank. 
plus 10 ft of bottom. 


The area of each panel is about 160 sqft, including the shell 
The letters and numbers in the next ring indicate the abrasives 


used to prepare the surface of each section of the tank. Key: OSS, Ottawa silica sand ; 
BB, Black Beauty blast grit; CG, chilled cast-iron crushed grit; MG, Hammerhead 


crushed grit; and TS, Tru-Steel shot. 


“Brush-off” means a commercially acceptable 


degree of blast cleaning (SSPC-SP7-52T); all paint coats were sprayed on the 
brush-off section. 


3 
\ \ \ / 4 
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‘hich has been utilized as a working 
rea, 

8. Allow paint to dry for about 5 
avs before filling the tank with water. 

9. Inspect all panels at regular in- 
tervals, rating each ring in each panel 
and the bottom. The tank should be 
drained for these inspections. 


Results and Conclusions 
The test panels were inspected eight 
times—the last time on Sep. 16, 1958— 
by an inspection team of six men rep- 
resenting each of the participating or- 


TEST 


and subsequent coats. 
no adverse effect on the vinyl systems, - 
which are themselves dependent on 
proper application. Ratings of systems 
and comments on test results are given 
in Tables 1 and 3. 

During the last inspection, it was 
observed that after 8 years of exposure 
to fresh water, an analysis of which is 
presented in Table 4, the vinyls have 
shown an extraordinary ability to resist 
corrosion. The only evidence of rust- 
ing is a slight blistering formation that 
occurred in 1954, but which has ‘not 


TABLE 2 
Paints Used in Test 


Paint Number Kind of Paint 


WPI phoaphoric Wi ach primer 


XE 5229 A or 5322 vinyl leaded-zine oxide 
(modified) 
XE 5221 A vinyl aluminum 


919/920 | phosphoric wash primer 


915 light vinyl anticorrosive red lead 
vinyl anticorrosive red lead 
vinyl topcoat aluminum 
phosphoric wash primer 


915 dark 


vinyl black 
vinyl aluminum 
| phosphoric wash primer 


GL59394 
GL59396 
Hysol 4080 


| vinyl aluminum 
phosphoric rust inhibitor 
vinyl Durofilm clear 
vinyl anticorrosive 
vinyl Durofilm white 
\mercoat red 
\mercoat gray 
Amercoat aluminum 


Hysol 4201 

Metal preparation 28 
1D102-2,1)202-4 
1102-9 

1I)202-5 

No. 33 

No. 33 

No. 33 


Bur. 


| 
117, Coast | Carbide & Carbon C hensioads 


Specification Manufacturer 


Ships No. 


Guard 52P1 


Bur. 

Guard 52P1 
Bur. 

Guard 52P4 
(XE 
(XE 
Bur. 

Guard 52P1 
(XE 
(XE 
Bur. 

Guard 52P1 
(XE 
Bur. 


& Carbon Chemicals 
Ce 

arbide & Carbon Chemic als 
Cx 

Wesley Paint & Color Co. 


Woolsey Paint & Color Co. 


Ships No. 117, Coast 


Ships No. 119, Coast 
Woolsey Paint & Color Co. 

Woolsey Paint & Color Co, 
Glidden Co. 


5295) 
§221A) 
Ships No. 117, Coast 
5296) 
5221A) 
Ships No. 


Glidden Co, 
Glidden Co. 
117, Coast | Houghton Labs. 
5221 A) 

Standard LC744 


Houghton Labs. 
Neilson Chemical Co. 
Gates Engineering Co. 
Gates Engineering Co. 
Gates Engineering Co. 
Amercoat Corp. 
| Amercoat Corp. 
Amercoat Corp. 


ganizations. In general, previous con- 
clusions were confirmed: The vinyl 
systems were superior to all others 
tested, regardless of surface prepara- 
tion (all blast-cleaned surfaces), pre- 
treatments, or brand of material used; 
the phenolic systems, on the other 
hand, were nearly all in poor condition 
(Fig. 2). As had been noted previ- 
ously, intercoat peeling had occurred 
during the first year. This failure had 
been attributed to the long period of 
time between applications of the first 


=x 


increased since. All the vinyl paint 
systems performed well, regardless of 
manufacturer or type of vinyl paint, 
and regardless of whether or not wash 
primer was used. 

The results of different methods of 
surface preparation, employing various 
types of abrasives for commercial blast 
cleaning and brush-off blast cleaning, 
show only slight variations. Even the 
power-—wire-brushed surface is almost 
as good as the blast-cleaned surface, 
with very small failure occurring as a 


Such delay had 
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PABLE 3 Ratings of Paints and Comments on Test Results 


Type of 
Coating 


vinyl 
vinyl 
vinyl 
vinyl 
phenol 


| phenolic 


phenolic 
phenolic 


vinyl 
vinyl 
phenolic 


phenolic 


vinyl 
| 


vinyl 
proprietary 


phenolic 
proprietary 
proprietary 


phenolic 
viny 


phenolic 
vinyl 
phenolic 
vinyl 
phenolic 
vinyl 


vinyl 
vinyl 
vinyl 


phenolic 


vinyl 


vinyl 


vinyl 
phenolic 


vinyl 
vinyl 


vinyl 
phenolic 
vinyl 
vinyl 
vinyl 
phenolic 
vinyl 


vinyl 
vinyl 
phenolic 
vinyl 
vinyl 
vinyl 
phenolic 
vinyl 
vinyl 
vinyl 
phenolic 
vinyl 
phenolic 


vinyl 
vinyl 


Comments 
Jul. 9, 1956 


incipient blistering; rust on 1 rivet, 
Ist ring 

incipient blistering; trust on | rivet, 
ist ring 

incipient blistering 

incipient blistering 

primer exposed, severe rusting 


primer exposed, severe rusting 


total failure 
primer exposed on 2nd and 3rd rings 


incipient blistering 

incipient blistering 

Ist ring, total failure; 2nd, 3rd, and 
4th, some trouble at rivets; brushed 


complete protection in spite of num- 


panel in fair condition on all rings 


Ist and 2nd rings, total failure; src | 
and 4th, several spots where primer | 


is exposed 


incipient blistering; Ist and 2nd rings | 


covered with fungi 


topcoat peeling on all rings; 4th ring 


rusting 

incipient blistering; few advanced 
blisters on brushed panel of Ist ring 

total failure 

total failure 

advanced blistering and some rusting; 
brushed panel has severe rust on 2nd 
ring 

total failure 

incipient blistering; most rivets have 
rust spots 

total failure 

advanced blistering, some rusting 

total failure 

advanced blistering 

total failure 


| incipient blistering; 2 small rust spots 


on Ist ring 

incipient corrosion 

incipient corrosion 

incipient corrosion; 4 rust blisters on 
Ist ring 

total failure 


general light pinpoint rusting on hand- 
brushed panel is worse than on 
sprayed panel 


| incipient corrosion; 1 rust blister on 


Ist ring of brushed panel 
light rust stains on panel 
total failure 


incipient corrosion; general light rust 
stains and pinpoint rusting on panel 

incipient corrosion, tew light rust 
stains 

advanced blistering, some rust stains 


} total failure 

| advanced blistering, few rust stains 

| advanced blistering 

| advanced blistering, few rust pinpoints 


total failure 

advanced blistering; 1 rust spot on 
Ist ring 

incipient corrosion 

advanced blistering 

total failure 

incipient corrosion on Ist ring 

incipient corrosion 

incipient corrosion 

total failure 

advanced blistering 

incipient corrosion 

incipient corrosion 

total failure 

incipient corrosion 

2nd coat peeling on 2nd, 3rd, and 4th 
rings 

advanced blistering 

advanced blistering 


Comments 
Sep. 16, 1958 


erous very small blisters 


topcoat all peeled, most of primer 
peeled, surface ruste¢ 


| topcoat all peeled; most of primer 


peeled ; surface rusted 

total failure 

topcoat failed on all 3 rings; primer, 
on 3rd ring 


blistering, especially at bottom, be 
tween coats; OK at top 3 rings 


poor intercoat adhesion 


numerous blisters, some with rust 


black; worse at top 

completely rusted 

2nd and 3rd rings bad; Ist and 4th 
OK 


peeled, blistered, and rusted 
slight rust around rivet heads 


very slight rust on 2nd and 3rd rings 


lack of adhesion between coats; 
much rust 


topcoat peeled; primer wornout; 
rust, especially on right half 


slightly better at bottom 
slight rust spots 


slight rust spots 


slight rust on 2nd and 3rd rings 


less blistering 
less blistering 
less blistering 


topcoat peeled on 2nd and_3rd rings 


* ASTM ratings are those shown in Table 1 (io ‘means perfect; 0, completely worn out). : 


Number | 16, 1958 
a 1 OSs 
it 
~ 
14 60 = } 3 
17 0 
18 5 
| 
9 
| 1 
23 | 4 
24 
25 : : 
| 
33 9.5 
35 9 
37 9 
> 0 a 
46 0 » 
50 1 
52 8 
|| 
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result of the lifting of some pieces of 
rust scale that had not been completely 
removed. 

Almost all the phenolic paint systems 
are in an advanced degree of failure. 
A considerable time had elapsed _be- 
tween the application of the first and 
second coats, as is often the case. The 
failure has, therefore, been attributed 
to the resultant lack of intercoat adhe- 
sion, which is a common problem with 
phenolic paints. It is not completely 
eliminated by the use of such strong 
solvents as ethylene glycol monoethy!] 
ether * or methyl isobutyl ketone. Be- 

* Cellosolve, a product of Carbide & Car- Pig. 3. Repainted Test Section 
bon Chemical Co., New York, N.Y. 


A portion of the tank was repainted in 
? 


1959, beginning Phase 2 of the paint test. 


cause delay between coats is frequently 
unavoidable in tank painting, SSPC 
believes that special attention should 
be given to overcoming the lack of 
intercoat adhesion in phenolic systems. 
The success of the vinyl systems is 
attributed not only to good formulation — 
but also to special care used in applica- 
tion. Solvent balance was apparently 
correct, and both dry spray and pin-— 
Fig. 2. Test Section of Ambridge Tank = },oJing were avoided. Although the 


Each test section is 24 ft high. The pho- se of wash primer often affords more 
tograph shows the poor performance of latitude in solvent balance, it was ap- . 
Panels 38 and 42. parently not a critical factor in this | 


TABLE 4 


Analysis of Water Stored in Test Tank* 


| 
| Residual 
Chlorine 
ppm 


Month Hardness Alkalinity 
1051 ppm | ppm | 


Chlorides Iron | Manganese Temperature 
ppm ppm ppm | oF 


Apr. 47 0.60 trace 
May 0.60 5 trace trace 
Jun 0.64 trace trace 
Jul. a) ] 0.66 . trace trace 
Aug. 0.64 trace 0.014 
Sep. : 0.62 0 0.01 


Oct. 113 : 0.63 0 0.04 
| 


— 

* Average values shown. Treatment of water prior to storageis with lime and ion-exchange softening. The — 
water is filtered. The only floc is that produced by precipitated calcium carbonate. Chlorination is accomplished 
with chlorine dioxide and chlorine, 


629 
- 
; 
pH 
: 
60 8.5 
72 8.4 
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instance. When vinyl systems or any 
other systems containing volatile sol- 
vents are used, especially in closed 
tanks, the paint manufacturer’s safety 
recommendations should be followed 
carefully. 


Subsequent Test 


It was decided that the twenty panels 
that had failed would be reblasted 
and repainted as soon as possible, using 
the most promising systems that are 
available (Fig. 3). Some of the vinyl 


systems still in good condition will be 
left unchanged, and others will be given 
an additional coat of maintenance paint. 
Among the new systems that will be 
applied is a phenolic system with vari- 


ous recoat times, made according to 
federal specification TTP86A IV; a 
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cate, with and without a vinyl topcoat 
another vinyl system; a zinc dust—zine 
oxide phenolic; an epoxy system; an 
epoxy with vinyl topcoat; an amine- 
catalyzed coal-tar epoxy; an epoxy 
ester; an aluminum metallized panel ; 
and a zinc metallized panel with vinyl 
sealers. This extension of the present 
test will be described in a separate 
report. 
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Economic Aspects of Water Well Stimulation 


Louis Koenig 


A paper presented on Jul. 13, 1959, at the Annual Conference, San 
Francisco, Calif., by Louis Koenig, Research Consultant, San Antonio, : 
Tex. This article is the second of a series on various aspects of well _* 


» 


stimulation, presented in summary by the author at the Annual Con- 
The first was published in the March 1960 issue of the 


ference. 
Journal. 


N a previous article,’ the results of 

a nationwide survey of water well 
stimulation were presented in terms of 
the technical performance of the tech- 
nique. It was shown that water well 
stimulation generally is a technically 
desirable and successful practice. It 
remains to be demonstrated whether 
the practice is economically desirable. 
Various economic criteria may be ap- 
plied, one of which is to compare the 
cost of stimulation treatment as an 
investment with the investment in the 
original well per unit of specific capac- 
ity (gallons per minute per ft of draw- 
down) achieved. 

The criterion by which well perform- 
ance is evaluated is its water produc- 
tivity measured in gallons per minute. 
Productivity may be translated into 
terms of specific capacity to facilitate 
statistical comparison. Specific capac- 
ity may, in turn, be thought of as a 
measurable property of a well, which is 
created (or improved) by the invest- 
ment of the construction cost or by 
investment in stimulation. 


The costs of stimulation treatments 
vary widely. In this study, treatment 
cost is composed not only of the price 
paid for the treatment itself but also 


Costs of Stimulation 
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the cost of preparing the well for treat- 
ment and of restoring it to service after- 
wards. 
treatment, the cost includes the costs of. 
pulling the pump or lifting it out of 


For example, for a shooting — 


the way, the explosive itself, placing | 


and shooting the explosive, cleaning 
the debris out of the well after the shot, 
and replacing the pump ready for serv- 
ice. In very few of the instances sur- 
veyed did the raw data provide this 
total cost. Reinquiry or, occasionally, 
estimates based on previous experience | 
to determine, for example, the number 
of days and the type of rig and crew 
used in the cleanout process. The tech- 
nique finally developed consisted of de- 
termining the physical parameters of 
the treatment job, such as the type of 
rig and crew used, the volume of acid 
used, the number of days spent in- 
cleanout, and whether or not the pump 
was removed and replaced. To these 
components of the treatment job the 


unit prices as of 1959 for the particu-_ 
lar area in which the well was located — 


were applied. These included the 
hourly cost of labor, the cost of depre 
ciation on the rig and other equipment, 
the standard cost for removing and re- 
placing a pump, and the standard prices 
of well services obtained from the cata- 


logs of well-servicing companies. Thus 


q 
£ . 
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a standard early-1959 treatment cost 
was obtained for each stimulation treat- 
ment, regardless of the year in which 
the treatment actually occurred. 

The results of the cost analysis are 
shown in Fig. 1 as cumulative fre- 
quency distributions, according to the 
scheme used in the previous article.’ 
The median costs for the various treat- 
ment methods are listed below. 


Method Median Cost 
$ 


380 
660 
950 

1,050 

1,250 

1,800 


Surging 

Vibratory explosion 

Pressure acidizing 

All methods 

Fracturing 

Shooting 
In Fig. 1, the approach to a straight 
line, shown by the heavy curve for all 
716 treatments, indicates that devi- 
ations of any given ratio are equally 
likely above or below the median. 
Fracturing, vibratory explosion, and 
pressure acidizing do not follow the 
general slope to low percentages be- 
cause these methods are ordinarily used 
by service companies who have a fixed 
base charge regardless of the size of 
the job. 

It may be surprising that the cost 
of stimulation by shooting is the same 
as or greater than that of hydraulic 
fracturing. The former, because of the 
price of explosives and the short dura- 
tion of the treatment itself, might be 
thought inexpensive, whereas the lat- 
ter, with the heavy equipment neces- 
sary, might be considered among the 
most expensive. The discrepancy, for 
the treatments studied, lies in the 
cleanup time. Fracturing does not re 
move the loosened material from the 
formation, so that after the treatment it 
is necessary only to bail out or pump 
out the excess sand, which is a rather 
simple operation. In shooting, how- 
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ever, although the explosives are in- 
expensive, much debris is loosened and 
must be cleaned out of the well, and 
frequently in a form not readily pump- 
able. It seems illogical to blast a hole 
3-6 ft in diameter in order to remove 
only } in. of plugging deposit, necessary 
as it may be. The extreme of this, in 
one well surveyed the cost of explosives 
and shooting was $700, whereas the 
cleanout afterward cost $11,300. 


5 


| (136 
Pressure Acidizing 


TT 


e Hydraulic 
Fracturing 


Vibratory 
Explosion 
| (51) 
All Methods 
(716) 


‘ Surging (81) 


1 4 
10 20 40 80 90 95 98 
Percentage of Treatments Costing 
Indicated Amount or Less 


Costs of Water Well Stimulation 
by Treatment Type 


Fig. 1. 


Each curve is a cumulative frequency dis- 
tribution of 1959 costs in the survey sam 
ple for a specific stimulation technique. 
The number of treatments of each type 
in the sample is given in parentheses. 


It is interesting to note that the first 
stimulation job in the oil industry was 
performed with explosives 100 years 
ago on the world’s second oil well 
begun Aug. 31, 1859, 4 days after the 
completion of the Drake Well. Explo- 
sives continued to be used as the pri- 
mary means of oil well stimulation for 
many years, but in the last quarter 
century have lost ground to the more 
refined and efficient methods which 
now predominate. 


» 
100 
2 
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Investment Cost Comparisons 


To make an economic judgment con- 
cerning the value of water well stimu- 
lation, it is necessary to compare the 
method, by some common criterion, 
with other methods of achieving the 
same end. Toward this problem it was 
reasoned that the most usable criterion 
was the specific capacity of the well, 
which could be achieved in two ways: 
by well stimulation or by construct- 
ing another well. Therefore, it was 
decided to make an economic compari- 
son between the cost of specific capacity 
achieved by treatment and the cost of 
specific capacity achieved by drilling 
the original well. This does not mean 
the cost of achieving specific capacity 
in new wells drilled in the same field, 
but by drilling the original well itself. 
This kind of comparison may, admit- 
tedly, sidestep the realities of a situ- 
‘ation, if, for example, the unsatisfactory 
well to be treated is an anomalously 
poor producer in a field of otherwise 
good producers. In such a situation, 
the chances are that a new well, if 
drilled, would have the characteristics 
of the good producers rather than the 
anomalous well. Under those circum- 
stances, the economically significant 


comparison is not one between treat-. 


ment and another anomalous well, but 
one between treatment and the drilling 
of a normal well. In order to discover, 
however, which of the stimulation 
treatments corresponded to anomalous 
wells in otherwise good fields and de- 
termine the costs of the neighboring 
the 


chances of 


given specific capacities from them, 


wells and statistical 
would have been a task beyond the 
resources of the study. 

Accordingly, it was decided to con- 
sider the relationship between two eco- 


nomic concepts. The first of these, the 
unit cost of specific capacity achieved 
by treatment, is obtained by division 
of the cost of treatment by the incre- 
ment of specific capacity achieved. 
Correspondingly, another concept used 
was the unit cost of original specific 


capacity, obtained by dividing the cost 


of the well by the original specific 
capacity of the well. By these means, 
well costs and treatment costs can be 
reduced to common units and com- 
pared in terms of the property in which 
improvement is sought—namely, spe- 


cific capacity. The concept that relates — 


the former two, the unit-cost ratio, 


consists of the unit cost of incremental — 


specific capacity divided by the unit 


cost of original specific se 


‘Standard-Well’ Costs 


Although it was originally intended : 


to use actual well costs, this proved 
impractical for two reasons: (1) many 
of the wells in the survey were con- 


structed many years ago, and when 


the Engineering News-Record Con-— 


struction Cost Index was applied to 
the costs of these older wells, it pro- 
duced prices that were out of line with 
known current costs; (2) the 


well. 


parts and construction items for which | 
original costs were given varied widely 
among the wells surveyed. For exam-— 
ple, the reported survey price might — 
cover only the amount paid to the 


driller for making the hole whereas, 
on the other extreme, the price might 
cover such auxiliaries as land, land- 
scaping, well house, or piping for con- 
nection to an existing transmission 
main. These auxiliary items, although 
pertinent to an economic comparison 
for any given well, could not logi- 


cally be incorporated in a_ general | 


comparison, 
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In place of the original cost, a com- 
puted cost for a “standard well” was 
used. This included the cost of the 
physical well, reasonable development 
at the time of completion as practiced 
in the area, and a 24-hr test pumping 


Vibratory 
Explosion 


Unit Cost Ratio 


/\ | 
Pressure 
Acidizing 
(38) 


All Methods / ] 


(185) / 
Hydraulic | 


Fracturing 


v4 (26 
40 


2 0.001 
2 5 10 20 60 80 90 95 98 
¢ Percentage of Treatments Yielding 
Indicated Cost Ratio or Less 


Unit Cost Ratios of Various 
Stimulation Techniques 


Fig. 2. 


The figures in parentheses are for the 
number of treatments in the sample. Me- 
dian unit cost ratios were: surging, 0.29; 
shooting, 0.38; pressure acidizing, 0.05; 
hydraulic fracturing, 0.0017; vibratory 
explosion, 0.20; all methods, 0.16. 


before the installation of a permanent 
pump. To obtain standard costs, unit 
prices for water well components were 
applied to the physical and standardized 
components of well construction. These 


LOUIS KOENIG 


Jour, AWWA 
unit prices, as of early 1959, were ob- 
tained by a survey among water well 
construction contractors in the areas 
where the surveyed wells were located. 
It was found that the country could be 
divided into a number of regions in 
which well construction techniques and 
unit prices were fairly homogeneous. 
The details will be reported in a subse- 
quent article. It can, however, be said 
that by use of those few original costs 
which can be related to a standard well, 
one may construct a water well con- 
struction cost index. This index ap- 
pears to approximate more closely the 
Building Cost Index than to the Con- 
struction Cost Index. 


Unit Cost Ratios 


Figure 2 shows the cumulative fre- 
quency distribution of unit cost ratios 
by treatment. From the heavy curve 
for all types of treatment it cau be seen 
that for the median improvement well, 
the specific capacity achieved by treat- 
ment cost only 16 per cent of the cost 
of specific capacity achieved by drilling 
the well in the first place. For fractur- 
ing, specific capacity has been achieved 
by treatment at a unit cost of only 0.2 
per cent of the unit cost of the original 
specific capacity. Even in the most un- 
favorable instance, shooting, the incre- 
mental specific capacity has been 
achieved at only 38 per cent of the 
cost of that original well. 

From the ordinate for a unit cost 
ratio of 1.0, it may be seen that frac- 
turing and pressure acidizing almost 
never show a unit cost as high as that 
of the original well. Surging, however, 
shows a unit cost greater than that of 
the original well for about 23 per cent 
of the treatments. For all treatments 
combined, the unit cost of treatment is 
the greater for about 15 per cent of 
the cases. 


| | | | 7 
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derived from an examination of the © 


Again, the order of increasing value 
follows approximately the same pat- 
tern as did the order for the technical 
performance criteria ’—that is, shoot- 
ing, surging, vibratory explosive, pres- 
sure acidizing and fracturing. It 
should be noted that the same reserva- 
tions as to the nature of the sample, 
the approximate nature of specific ca- 
pacity as a measure of performance, 
and other factors mentioned in the pre- 
vious article apply here as well. The 
fracturing series contains a consider- 
able number of treatments in which the 
original specific capacity was infinitesi- 
mal, and the cost of original specific 
capacity was therefore based on the 
specific capacity of normal wells in the 
same field. To that extent, the data 
for fracturing give a more conservative 
view of the economic advantage of 
stimulation than do the data for other 
techniques. 


In Fig. 1, it can be seen that surging 
is the most economical method, and 
that shooting is the most expensive, if 


judged by the median. In Fig. 2, how- 
ever, the unit cost ratios for both tech- 
niques are of the same general order. 
The reason is that surging, although 
low in cost, is even lower in effective- 
ness. Furthermore (although the data 
have not been analyzed to determine 
this), it is probable that surging is 
represented to a greater extent among 
rather inexpensive and shallow wells 
in unconsolidated formations. The 
unit cost ratios in Fig. 2 are presented 
as simple frequency distributions of a 
single criterion. The criterion, how- 
ever, the unit cost ratio, can be rep 
resented as a compound function of 
certain other factors, one of which is 
itself a technical performance criterion 
for which the frequency distribution 
has been. shown in Fig. 10-11 of the 
previous article." Some insight may be 


unit cost ratio as a function of the tech- 


nical performance criterion—that is, 


the fraction of original specific capacity 
restored (1/O ratio). The unit cost 
ratio may be expressed as (C;/C,,) 
*s, (Sq — S,)71, in which C; is the cost 


of treatment, C,, is the cost of the well, | 


C,/Cy is the fractional cost, s, and s), 


are the specific capacity (in gallons per 
minute per foot of drawdown) before — 


and after treatment, (s,—s,) is the. 


incremental specific capacity, s, is the 


original specific capacity, and — 
‘is the fraction restored. Favorable 
unit cost ratios are achieved when the 
fraction restored is greater than the 


fractional cost. The question to be re-| 


solved is whether the favorable unit 


cost ratios that come about in the fre- 
quency distributions shown are pri-| 
marily associated with high values of 
fraction restored or with low values of 
the fractional cost. This can be ex- 


plored by a graphical correlation he-— 


tween the fraction restored by any par- 


ticular treatment and the unit cost ratio 
This is done in Fig. — 


of that treatment. 
3. It can be seen that, in the given 
sample, a low unit cost ratio is associ- 
ated with a high fraction restored. The 
spread of the points at any one value_ 
of fraction restored represents the 
range of values of the fractional costs’ 
in the sample. 

By inspection it can be seen that pres- 


sure acidizing and fracturing become 


is, the unit cost 


uneconomical—that 


ratio becomes greater than unity—if — 


the fraction of specific capacity restored 
is less than unity. With vibratory | 
explosion and surging, however, the 
economic limit is approximately 0.05, 
and it is 0.3 for shooting. In 
range 0.1-1.0 for the fraction of spe- 
cific capacity restored, the unit cost 
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are in the same range for all methods. 
The typical values are: surging, 0.15; 
vibratory explosion, 0.10; shooting, 
0.30; pressure acidizing, 0.25; and 
fracturing, 0.25. 

From Fig. 3 it is very noticeable 
that, in the sample, certain of the tech- 
niques result in high fractions restored 
and, therefore, low unit cost ratios. 


= 
c 


0.001 
0.001 0.01 0.1 10 10 
Fraction of Original Specific Capacity 
Restored by Treatment 


& 


Fig. 3. Unit Cost Ratios of Various Stimu- 
lation Techniques by Fraction of Origi- 
nal Specific Capacity Restored 


Part (a)—solid and open circles repre 
sent fracturing pressure-acidizing 
treatments, respectively; Part (b)—solid 
and open circles represent vibratory ex 
plosion and shooting treatments, respec- 
tively; Part (c)—circles represent surg 
ing treatments only. 


LOUIS KOENIG 


Jour. AWWA 
Other techniques show high fractions 
restored in only a few instances and, 
therefore, do not show favorable unit 
cost ratios. Fracturing, pressure acid- 
izing, and shooting are in the former 
category whereas surging and (to a 
degree) vibratory explosion are in the 
latter. The division again seems to be 
between techniques ordinarily applied 
to consolidated formations and those 
applied to unconsolidated formations. 


Conclusions 


From the analysis of technical and 
economic data of the survey reported 
in this and the preceding article, it may 
be concluded that water well stimula- 
tion has shown highly favorable re- 
sults, not only in its technical perform- 
ance, but also by the economic criterion 
chosen. In the majority of instances, 
stimulation has added specific capacity 
at a unit cost less than the unit cost 
of the specific capacity produced by the 
origina! well. The median cost of im- 
provement of even the least favorable 
method by this economic criterion oc- 
curs at a unit cost less than half the 
unit cost of the original specific ca- 
pacity. This is not only important in 
regions of existing ground water ex- 
ploitation ; it is equally applicable and 
possibly much more important to the 
large areas in which there are ade- 
quate quantities of ground water con- 
tained in aquifers of such low perme- 
ability that ground water production 
from wells has not been economical. 
Wider knowledge and application of 
water well stimulation can potentially 
bring about a greater utilization of this 
segment of ground water resources. 

Based on these analyses and results, 
the author recommends that water well 
stimulation be much more widely con- 
sidered as a technique for developing 
ground water supplies. Such recom- 
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mendations should not, however, be 
nade without a simultaneous mention 
of a number of quite legitimate limita- 
tions to the benefits of water well 
stimulation. The well production may 
not always be limited by the specific 
capacity and available drawdown, but, 
instead, by extraneous factors, such as 
avoidance of interference with other 
wells on adjacent properties, avoidance 
of intrusion of undesirable waters, or 
legal restrictions. Once such limits 
are reached, water well stimulation can 
be of no further influence in reducing 
investment cost per unit of production, 
although it can still function to reduce 
operating costs. The latter possibility 
will be described in a later paper. 
Considerations of flexibility and 
standby facilities also enter in. If a 
well supply consists of only one well, 
then the choice between stimulation and 
construction of an additional well 
should be influenced not only by con- 
siderations of investment cost but also 
by the general desirability of having 
alternative facilities for flexibility and 
emergency. In bringing this restric- 
tion to bear in connection with the sur- 
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vey data, it should be recalled that the 
investment cost for the original well 
in the present study does not include 
the pump and a large number of addi 
tional facilities that are necessary be-— 
fore a well can become a water supply. 
To that extent, the comparisons, spe- 
cifically those of unit cost ratios, are 
very conservative. If an additional 
well is contemplated, the actual eco-_ 
nomic advantage of stimulation of an 
existing well will be found to be much. 
greater. 
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Effects of Soil Corrosion on Cast-Iron Pipe 


Hugh L. 


A contribution to the Journal by 


Smith Eng. Co., Narberth, Pa. 


N 1945, AWWA, in. cooperation 

with NEWWA and the Institute 
of Water Supply Utilities, published a 
summary of a survey of water supply 
facilities in 26 cities in the United 
States and Canada.’ The records of 
these cities were examined to deter- 
mine the expected life of various facili- 
ties. Included in the survey were data 
on approximately 56,000,000 ft of cast- 
iron water distribution mains, ranging 
in size from 4 in. to 60 in. The first 
of the mains was laid in 1817. At the 
time of the survey, 91.3 per cent of the 
cast-iron mains were still in service. 
As can be seen in Fig. 1, of the 
mains taken out of service, most were 
4 in., a size that was eliminated pri- 
marily because of fire protection re- 
quirements. If the 4-in. main is not 
included, 96.1 per cent of all cast-iron 
pipe, in the 26 cities studied in 1945, 
is still in service. This is a remarkable 
record for any construction material. 
According to corrosion theory, so im- 
posing a performance record, particu- 
larly when one considers the wide vari- 
ety of environments to which these 
mains have been exposed, would have 
heen difficult to predict. 


Supplementary Surveys 


In order to arrive at a better under- 
standing of the underlying mechanisms 
involved, the Cast Iron Pipe Research 
Association recently undertook two 
supplementary studies *»* to determine 
the effect of soil corrosion on cast-iron 
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pipe. Studied in these surveys, con 
ducted during 1956 and 1957, were 
eight cities located in different parts 
of the United States. Among these 
eight cities were four included in the 
1945 survey. It was decided to limit 
the studies of these four cities to the 
oldest known cast-iron pipe. In the 
other four cities studied in the 1957 
survey, it was decided to include sam- 
ples of relatively new (25 years old), 
as well as old, cast-iron pipe. In all 
cities, the most corrosive environment 
was sought. 

Essentially the purpose of the sur- 
veys was to evaluate the effects of soil 
on the serviceability of cast-iron pipe. 
The cities chosen are located in areas 
representing six of the seven major 
soil classifications as defined by Mar- 
but.4 The work was also undertaken 
to add further meaning and _ signifi- 
cance, through engineering data, to the 
figures established in the 1945 survey. 


The major soil groups, according to 


Marbut, and the locations of the cities 
studied are shown in Fig. 2. 

In carrying out this work, the cor- 
rosion engineers assigned to the job 
were faced with a number of separate 
problems. First, it was necessary to 
examine the records of the utility to 
establish the areas in which pipe of 
known installation dates existed. The 
primary interest was in the oldest water 
mains still in use. After establishing 
main locations and installation dates, 
the corrosion engineers were required 
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to conduct a field survey to determine Survey Tests 
the general corrosive character of the 
soils in the areas where pipe of the 
desired age was located. After what 
were considered to be the most corro 
sive areas were established, preferably 


Various tests were performed during 
the surveys. When the most desirable 
locations, from the standpoint of pipe 
size and age, were established, a gen 
z ?: = eral survey of the soil conditions was 
involving natural soil conditions, €X- made in the indicated areas. One of — 
aminations had to be made of available the tests employed was a measurement 
records pertaining to street railway of the electrical resistivity of the soil 
operation and electrolysis mitigation jn the vicinity of the main. This was | 
systems that might have existed in the accomplished through the use of a soil 
past. Further, every effort was made resistivity rod. Fundamental corrosion 
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Fig. 1. Previously Surveyed Cast-Iron Mains Still in Service 7 
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. . . . * 
If the 4-in. pipe is not included, 96.1 per cent of all cast-iron mains, in the 26 cities — 
surveyed in 1945, are still in service. 


to locate cathodic protection installa- theory dictates that the electrical re- 
tions that might, under any circum-_ sistance of the corrosion path has a 
stances, influence underground struc- bearing on the rate of the corrosion 
tures in the areas selected. After the that may be anticipated. It should be 
most meaningful location for further kept in mind that although this infor- 
examination was established, one mation is of significance in itself, it is 
length of the cast-iron pipe was ex- only one of the many factors that the — 
posed for direct physical study. As engineer must consider. Thus, in gen-— 
a final requirement, a small section of eral, low-resistivity soil—that is, soil _ 
the main was removed to permit chemi- offering a low resistance to the flow of | 
cal and micrographic examinations. electrical current—is one promoter of 
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corrosive activity. Further, changes in 
electrical resistivity from one point in 
an area to another can be indicative of 
changing concentrations of salts in the 
soil. Differences in salt concentrations 
can produce galvanic currents along 
the pipeline. Thus, for the location of 
the most corrosive areas, emphasis was 
placed on low resistivity and local vari- 
ations in resistivity. 

In addition to measurements of re- 
sistivity, samples of soil at pipe depth 
were taken with a soil test probe. A 
small quantity of the soil was thus 
made available for first-hand examina- 
tion. It was then possible to deter- 
mine, among other things, whether the 
soil was a clay, a sand, or a loam, 
whether it was generally wet or dry at 
pipe depth, and what its pH value was. 
The chemistry of the soil and its par- 
ticle size and arrangement all have sig- 
nificance in an analysis of the potential 
corrosiveness of the soil. To date, the 
science of corrosion engineering has 
not developed these specifics enough 
to permit rigorous scientific arialysis. 
The experience and alertness of the in- 
vestigating engineer miust be relied 
upon. Similarly, soils exhibiting ex- 
tremely low or extremely high pH— 
that is, extremely acid soils and ex- 
tremely basic soils—are indicative of 
soils that have been found to be corro- 
sive. On the basis of these tests, a 
selection was made of the most suitable 
location for excavation of the main. 

Generally speaking, the particular 
site selected for the test had, in the 
opinion of the engineers, the most cor- 
rosive conditions in the area, from the 
standpoint of the soil present. Fur- 
ther, when a selection had been made, 
the location was studied to determine 
if it had a history of stray-current elec- 
trolysis. All available records pertain- 
ing to trolley line operations, cathodic 
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protection installations, and any other 


possible direct-current sources were— 


considered in order to determine if they 


had any effect on the particular area 
under consideration. When the section 
of pipe was excavated for inspection, 


the exterior surface was carefully ex- | 


amined by the investigating corrosion 
engineer before the removal of the last 
adhering soil deposits. This was done 
in order to determine the type of soil 
with which the main had been in inti- 
mate contact, the products of corrosion, 
and the corrosion pattern. After the 
pipe was thoroughly cleaned with 
heavy wire brushes, it was wove 
for any penetration by corrosion. Par- 


TABLE 1 
Relative Corrosiveness of Soils 


Maximum 

Penetration of 
Cast Iron* 
mils 


Classification of Soil 


Noncorrosive 

Mildly corrosive 
Moderately corrosive 
Corrosive 

Very corrosive 
Extremely corrosive 


V 


* 


* Average rate. 


ticular care was taken to see that any 
graphitic corrosion of the surface was 
removed, so that a true evaluation of 
the depth of penetration could be made. 

Another test at the time of excava- 
tion the measurement of the 
reduction-oxidation potential of the 
soil in the immediate vicinity of the 
main. This was made as quickly as 
possible after the excavation had 
reached pipe depth. In this type of 
measurement, use is made of the fact 
that soils having various reduction- 
oxidation characteristics exhibit differ- 
ent and reproducible potentials. Thus, 
it is theoretically possible, after meas- 
uring the potentials, to obtain an indi 
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cation of whether the soil is’ oxygen 
deficient or well aerated. Certain bac- 
teria that cause extensive corrosion 
damage exist in oxygen-deficient areas. 
Such areas exhibit an extremely low 
reduction-oxidation potential, as do 
areas in which corrosion occurs from 
differential oxygen concentration. 
With the pipe exposed, a direct elec- 
trical connection could be made to it. 
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At this time, the measurement of the 
electrical potential between the pipe 
und made with a saturated 
copper—copper sulfate half-cell. . This 
done for two reasons: first, to 
determine whether or not any stray 
direct currents from operating trolley 
systems or other sources were pres- 
ently in evidence at the location and, 
second, to get an approximation of 


soil was 


Was 


TABLE 2 


Soil Conditions 


Approximate 
Area ot 
Survey 

sqm 


Group* 


ohm-cm 


Des Moines, 
lowa 


3,700 prairie 


5,500 dark 


brown and 
brown 


Denver, 
Colo. 


11,400 podsol 
and gray 
brown 
podsolic 


St. Paul, 
Minn. 


990 gray- 
brown 
podsolic 
gray- 
brown 

| podsolic 


Detroit, 
Mich. 


16,300 


Trenton, 
N.J. 


Amarillo, 
"ex. 


chernozem 


red and 
yellow 


Meridian, 
Miss. 


Greenville, red and 
S.C. yellow 


Great Soil 
Resis- 
tivity 


1,100 
1,500 


3,000 


5,000 


5,000 


9,000 


6,070 


1956 and 1957 Surveys 


Soil at Excavation Site 


Redox Relative 


Potential Corro 
v siveness 


Type of Soil pH 


+0.163- 
+0.170 


corro 
sive 


gray clay with 6.5 
sand inclusions, 69 
wet 

mildly 
correo 
sive 


+0.475 


sandy loam, dry 
: +0.560 


clay mixed with +0.109 
organic matter, 
wet 


500 very 
corre 


sive 


—0.104 
+0.507 


dense blue and 
brown clays, 
moist 


350 
500 


very 
corro 
sive 


mildly 
corro- 
| sive 


sandy loam, moist +0518 


mildly 
corro- 
sive 


sandy loam, some 


+0.487 
cinders, moist | 


| +0.783 mildly 
| corro- 
| sive 


loam with over- 
‘lay of white clay, 
dry 
| mildly 


fine loam, dry | 10.545 


| +0.540 | moder 
| ately 
corro- 
sive 


heterogeneous 
loams and clays, 
wet 


+0465 non- 
corro- 
sive 
+0,689 | mildly 
corro- 
sive 


homogeneous 
sandy loam, dry 


| heterogeneous 
red clay with 
sand and cinders, 
moist 


+0.653 
+0.724 


mildly 
corro- 
| sive 


| heterogeneous 
clays, moist 


* According to Marbut. 
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the residual potential to a reference 
half-cell.. After this, a measurement 
was made to establish the electrical re- 
sistance of an exposed pipe joint. The 
data obtained were analyzed and a deci- 
sion reached with regard to the indi- 
cated corrosiveness of the soil at the 
site of the excavation. This decision 
was based on the analysis of the vari- 
ous properties of the soil. The soil- 
corrosiveness rating was not based on 
the condition of the cast-iron pipe exca- 
vated ; instead, the rating was an indi- 
cation of the degree of corrosion that 
one would expect to find in soil having 
the properties observed. For compara- 
tive purposes in this study, the relative 
corrosiveness of soils is defined in 


Table 1. 


Pipe and Soil Conditions 


Data on pipe and soil conditions were 
obtained at the various excavation sites 
in the eight cities studied. 


Table 2 
shows data on soil and environmental 
conditions ; Table 3 gives the condition 
of pipe as determined after excavation 
and examination. 

The pipe excavated in Des Moines, 
Iowa, was a 6-in, static-cast pipe, in- 
stalled 85 years prior to the survey. 
After examining the pipe, the engineers 
reported: “Pipe in sound condition; 
mild overall loss of iron at pipe sur- 
face; no indication of corrosion failure 
in foreseeable future.” The soil was 
damp and had a low resistivity, a neu- 
tral pH, and a low potential. These 
conditions are indicative of aggressive 
galvanic and bacteriologic corrosion. 
The soil was rated as corrosive. No 
measurable pitting was found, even 
though a complete penetration of the 
pipe was expected. 

At Denver, a 71-year-old, 4-in. pipe 
was examined. The report states: 
“Pipe in excellent condition, equivalent 
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to new pipe.” The soil in this area had — 
an average resistivity of 4,000 ohm-cm, — 
was neutral in pH, and exhibited a high 
redox potential. It was rated as being 
mildly corrosive. A maximum pene- 
tration of 0.355 in. would have been a 
conservative estimate of the pitting in 
this environment for the time of expo- 
sure. It was possible to examine a 
number of samples of cast-iron pipe 
that had failed because of extensive 
corrosion in service, these samples 
having been carefully labeled as to the 
locations and the dates of the failures. 
Five of these samples were taken at © 
random and an examination made of 
the locations at which the failures had 
occurred. In every instance, without 
exception, the location was in the im- 
mediate vicinity of a former substation 
used to power the local trolley system. 
Examination of the corrosion patterns 
on the samples confirmed the opinion — 
that the failures had been the result of 
stray-current electrolysis rather than 
of local soil corrosion. 
The pipe examined in St. Paul was 
a 6-in. sand-cast specimen with 85 
years of service. It was described by 
the engineer as: “Pipe in sound operat- 
ing condition; scattered pitting to ap- 
proximately 50 per cent penetration; 
possibility of failures in 30-50 years.” 
The soil was heterogeneous, containing 
clay, sand, small rocks, and organic 
matter, and was in a wet area. It 
exhibited a_ resistivity of 500-1,100 
ohm-cm at pipe depth and had a low 
(+0.109-v) redox potential and slightly 
acid pH. The soil was classed as very 
corrosive. In spite of the fact that a 
maximum pitting depth far in excess 
of the wall thickness could be ex- 
pected, the deepest pit found on the 
12-ft length of pipe exposed was 0.330 
in., slightly more than 50 per cent 
penetration. Thus, the actual average 
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rate of pitting was 4 mils per year, 
expected rate of 


as opposed to the 
35-45 mils per year. 

The situation at Detroit was quite 
similar to that at St. Paul. A 10-in. 
pipe, 102-118 years old, was excavated 


& 
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and examined. 
“Pipe in generally excellent condition ; 
no indication of corrosion failure in the 


foreseeable future.” 


Jour. 


It 


The 


AWWA 


was. described 


soil resistiv 


ity in the ditch was 350-500 ohm-cm. 
soil was a mixture of moist blue 


The 


PABLE 3 


Condition of Excavated Pipe 


| 
Main ar 
Size 


Maximum 
Penetra 
tion* 
mils, yr 


Age 
ot 
Main | Main 
ft yr 


Des Moines, 
lowa 


85 | trace 


Denver, 


Colo. 


St. Paul, 
Minn. 


Detroit, 
Mich 


‘Trenton, 
NJ. 


trace 


Amarillo, 
Tex. 


trace 


trace 


Meridian, 
Miss. 


trace 


trace 


Greenville, 0. 


S.C 


* Calculated average rate. 
+ Copper-copper sulfate cell; 
¢ 30-50 years to penetration, 


her 


Potential to 


Saturated 
Cellf 


0.430 


0.605 


0.607 


0.680 


9.590 


0.335 


0.660 


0.545 


4$70-0.525 


0.554 


Joint 
Resistance | 

| 


ohms 


0.000256) 


0.00166 


1956 and 1957 — 


Corrosion 
Products 


sultides, 
graphite 


red oxides 


! of iron 


0.00521 


0.01384 


no bell 
exca- 
vated 


' 0.00102 


0.035 


0.0152 
0.000652 


0.000428 


0.000233 


0.00121 


| 
sulfides, 


graphite, 
white 
hydroxides 
of iron 


sulfides, 
white 
hydroxides, 
graphite 


sulfides, 


| white 


hydroxides, 
graphite 
sulfides, 
graphite 


oxides of 
iron, 
graphite 
none 


sulfides, 
graphite, 
trace of 
graphite 
red oxides 
of iron 
graphite, 
sulfides 


Condition 
of Pipe 


sound 
sound 
serviceablet 


sound 


sound 


sound 
sound 


sound 
sound 


sound 


sound 


serviceable 


pipe terminal negative. 
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and brown clays with some sandy inclu- 
sions, had a neutral pH, and exhibited 
an extreme range of redox potentials 
(—0.104 to +0.507). It was classified 
as very corrosive. Tight pitting was 
observed, with one random pit of 
0.240 in. 

In Trenton, N.J., two sections of 
pipe. were examined, one 33 years old, 
the other 21 years old. The soil was 
considered only mildly corrosive, 
having resistivity readings of 5,000 and 
9,000 ohm-cm at the respective excava- 
tions. With regard to the older pipe, 
the soil was sandy, with pockets of 
greenish clay, and classified as mildly 
corrosive. The newer pipe was in a 
filled area containing a heterogeneous 
mixture of sandy loam, cinders, and 
refuse. It was also classified as mildly 
corrosive. The condition of both was 
described as excellent. 

The two sections of pipe examined 
in Amarillo, Tex., were 56 and 21 


al 


vears old, respectively. The older pipe 
showed a_ shallow, general graphitic 
surface, with sound metal beneath. No 


isolated pits were found. The newer 
pipe was found to be in excellent condi- 
tion, with no measurable pitting. The 
soil in both instances was homogeneous, 
fine, brown loam, very dry at the time 
of the survey. There was a general 
overlay of white clay in the area. The 
resistivity was 2,380—2,500 ohm-cm, 
with a slightly alkaline pH and a high, 
positive redox potential. The soil was 
classified as mildly corrosive at both 
sites. 

In Meridian, Miss., an area of in- 
tense annual precipitation, two sec- 
tions of pipe were examined. One, 
a 70-year-old 6-in. pipe, was in wet, 
heterogeneous clay, with a resistivity 
of 6,070 ohm-cm and an acid pH of 
3.6. Some slight surface graphitiza- 
tion had occurred on this pipe, but no 
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measurable pit penetration was found 
on cleaning. The soil was classed as 
moderately corrosive. The newer pipe 
was in a homogeneous red loam, in a 
relatively dry area. Soil resistivity 
was 24,500 ohm-cm; the pH, a slightly 
acid 5.2. The soil was classified as 
noncorrosive. 

In Greenville, S.C., the predominant 
soil is a red clay with a relatively high 
resistivity. A 52-year-old pipe and a 
23-year-old pipe were examined. Both 
were in excellent condition. The 
newer pipe was in a clay area with a 
resistivity of 17,300 ohm-cm and a 
slightly acid pH. Some scattered pit- 
ting was found, and a maximum rate 
of penetration of 4.1 mils per year was 
calculated. The older pipe showed no 
measurable pitting and was in a hetero- 
geneous fill, having a resistivity of 
6,225 ohm-cm. Both soils were classed 
as mildly corrosive. The actual condi- 
tion of the pipe was far better than 
could be expected if the environment 
alone were considered. 

Conclusions From Surveys 

As a consequence of the two surveys, 
a number of conclusions can be made: 

1. In the selected cities, the old cast- 
iron pipe is located in areas that have 
been subjected to stray traction cur- 
rent. In every city, the operation of 
trolleys in the areas where the studies 
were made has been abandoned. It 
is presently impossible to evaluate, be- 
yond reasonable assumption, the earlier 
effects of trolley operations. 

2. The soils included in the two sur- 
veys span a wide range of properties 
and are representative of the soils in 
parts of the United States where ex- 
tensive experience with cast-iron pipe 
is a matter of record. 

3. The primary cause of the active 
corrosion found is attributed to the 
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action of anaerobic sulfate-reducing 
bacteria in very localized areas. 

4. All the pipe examined was found 
to be in sound operating condition, in 
spite of corrosive soil conditions in 
many instances. 

5. The engineering data 
from eight widely separated cities indi- 
cate that there are substantiating facts 
to support the opinion that old cast- 


obtained 


iron pipe has an inherent resistance to 
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Corrosion Tests 


Some of the corrosion studies made 
by various groups investigating under- 
ground corrosion merit discussion. 
Perhaps the best known of all the soil 
corrosion test programs is that of the 
National Bureau of Standards, con- 
ducted at many test sites throughout 
the United States. In these tests, more 
than 36,000 specimens representing 
333 different ferrous and nonferrous 


Maximum Penetration Rate— mils/yr 


20 


30 35 40 45 50 


Soil Resistivity - 1,000 ohm-cm 


Fig. 3. Relationship Between Maximum Penetration of Pipe and Soil Resistivity 


Not until the soil resistivity drops to approximately 700 ohm-cm is there any evider 
relationship between pitting and resistivity. 


‘ 


corrosion. The mechanism by which 
this apparent resistance is achieved is 
still to be determined. 

6. In the cities where both static-cast 
and centrifugally cast pipe were ex- 
amined, there was no apparent differ- 
ence in the rate of corrosion of pipe 
made by either old or new techniques. 
By empirical standards given, soils for 
these areas are rated from noncorrosive 


pipe materials were exposed in 12 
test locations. Included among. th 
materials tested were many samples ¢ 
6-in. cast-iron pipe. The results ¢ 
these tests have been published by th 
National Bureau of Standards.5 A 
various times, the work at the burea 
was supported by corrosion committee 
from other interested organizations, ir 
cluding the Cast Iron Pipe Researe 
Association. Throughout this pre 
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gram, many conferences were held for 
the purpose of bringing together vari- 
ous delegates to discuss and exchange 
information relating to underground 
corrosion. As the program progressed, 
it became evident that there was a 
marked difference in the corrosion 
characteristics of various soils. Thus, 
in some soils, penetrations of pipe 
walls were observed to occur after a 
relatively short exposure, while at 


55 


point in Washington, D.C., where the 

. samples were carefully cleaned of cor- 
rosion products and weighed, and the 
pit depths measured. In this way, the a 
important data were tabulated for each — 
material in any given site. 

If the data pertaining to cast-iron | 
pipe samples are examined, it is inter-_ 
esting to note the relationship between | 
soil resistivity and pit depth after a_ 
period of time. Figure 3 shows the 
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Soil Resistivity — 1,000 ohm-cm 


Fig. 4. Relationship Between Loss of Pipe Weight and Soil Resistivity 


ls with plots of maximum penetration and soil resistivity, there is little relationship 
etween weight loss and soil resistivity, until values less than 700 ohm-cm are reached. 


ther locations corrosion was hardly 
etectable. 

As this work proceeded, tabulations 
vere made for the various test sites 
f such factors as the internal drain- 
ge, soil resistivity, pH, composition 
{ water extracted from the soil, mean 
emperature, and annual precipitation. 
[he test samples themselves were re- 
1oved periodically from the various 
ites and sent to a central collection 


data on maximum penetration rate, 
based on a 10-year period, as related 
to soil resistivity. Not until the soil 
resistivity drops to approximately 700 
ohm-cm is there any evident relation- 
ship between pitting and resistivity ; 
and even below this value, there is a 
wide scattering of plotted values. The 
data indicate that in many instances the 
maximum penetration rate for resistivi- 
ties less than 5,000 ohm-cm is less than 


/ 
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that for resistivities as large as 50,000 
ohm-cm. As pointed out earlier, soil 
resistivity has long been used by cor- 
rosion engineers to predict corrosive 
areas. Thus, with regard to corrosion 
of isolated cast-iron pipe, it seems that 
soil resistivity alone has very little 
meaning unless it falls in an extremely 
low range (less than 700 ohm-cm) ; 
and even in this range, the greatest 
Fie of corrosion values fall in the 
same range as that for soils of higher 
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of the Bureau of Standards indicate 
that corrosion rate is frequently not a 
linear function of time. Generally, the 
initial corrosion rate is appreciably 
higher than the rate after a period of 
exposure; therefore, the data plotted 
on the basis of the average for the first 
10 years may be inaccurate for pre- 
dicting long-range behavior. The ac- 
tual time required for penetration may 
be considerably longer than the data 
indicate. 


resistivity. 

Another corrosion effect studied by 
the Bureau of Standards concerns the 
general loss of weight as it relates to 
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Strength of Corrosion Products 


Another important question concerns 
the strength of corrosion products and 
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Fig. 5. Bursting Strength of Corroded Pipe 


The data are from test results of burying pipe samples in cinders for 16 years to accel 
erate corrosion. 


soil resistivity. Figure 4 shows this 
relationship for data averaged over a 
10-year period. As with plots of maxi- 
mum penetration and soil resistivity, 
there is very little relationship between 
weight loss and soil resistivity, until 
less than 700 ohm-cm are 
Again there is a wide scatter- 


values 
reached. 


appears to increase quite rapidly with 
the decrease in soil resistivity. 

The data plotted in Fig. 3 and 4 
average rates calculated at 
the end of a 10-year period. The data 


their value in maintaining pipe as 

useful transport facility. As a part 
its research program, the Cast Iro 
Pipe Research Association conducte 
numerous tests to determine the physi 
cal strength of cast-iron pipe corrode 
by various environments. Figure 

shows the bursting strength of a num 
ber of sample specimens buried for 1 
years in a cinder fill in Birminghan 
The fill was essentially a chemical en 
vironment employed to accelerate cor 
rosion. The samples were remove 
from the test yard, brought above 
ground, pressure tested to destruction 
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then carefully cleaned so that the sur- 
face of the metal could be examined. 
The steel pipe, which had one hole, had 
no bursting strength. The cast-iron 
samples, which also had one or more 
holes, still retained considerable burst- 
ing strength. The weakest, which had 
two holes, actually withstood 660 psi, 
about six times the pressure required 
in service. Thus, it is evident that 
the products of corrosion in cast-iron 
pipe have an ability to retain the 
strength of the pipe. 


Test Bombs 


Because the foregoing test of cor- 
roded pipe involved the actual removal 
of the samples from their natural en- 
vironment and required the destruction 
of the sample, it had been earlier de- 
cided to establish a series of test instal- 
lations at a number of sites used by 
the Bureau of Standards. Samples of 
Class 100 cast-iron pipe, in 3-ft lengths, 
6 in. in diameter, were randomly se- 
lected from stock. The ends of each 
were closed by welding on thick plates, 
with the plate at one end tapped to 
receive a copper tube. These “bombs” 


TABLE 4 


Performance of Test Bombs* Installed at 
Various Sites 


| Year | 
1| Evalu- | Evaluation 
ated | 


Vear 
Installe« 


Location of | 
Bomb 


Buttonwillow, 1928 1957 withstood 400 psi 
‘alif. 
Niland, Calif. failed at bronze 
weld at 375 psi 
Cholame Flats, 1940 1952 | failed at bronze 
Calif. weld at 285 psi 


1928 1946 | failed at 275 psi 


1928 1957 


New Orleans, 
La. 
San Antonio, 
ex. 
San Antonio, | 1928 
Tex. | | 
San Antonio, 1928 | 
Pex. | 


1928 1957 withstood 400 psi 


1957 withstood 400 psi 


1957 | withstood 400 psi 


* All test bombs were of 3-ft lengths of 6-in., Class 100 
-ast-iron pipe, except for one 1.5-ft length at San 
Antonio. 
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Ground Level 


 6in-4 
— 


Test Bomb Installation 


Fig. 6. 


Key: A, stake, to hold tube in place; B, 

1-in. copper tube; C, depth of burial, same 

as for test specimens of the Bureau of 

Standards; D, test bomb; E, plug; and 

F, steel plates, welded or brazed in pipe 
at both ends. 


were then buried in several of the more 
corrosive soils at the same depth as 
the test samples of the Bureau of 
Standards. The bombs were filled 
with water when installed and the 
copper tube brought to the surface 
(Fig. 6). 

These bombs, in their undisturbed 
condition, were subjected to pressures 
of 400 psi, at intervals of approximately 
2 years. This pressure is well in ex- 
cess of normal operating pressures. 
After the bombs had been tested in 
this way for 12 years, none had failed, 
in spite of the fact that the cast-iron 
specimens of the Bureau of Standards 
had shown complete penetrations at 
one of these test sites and had almost 
been punctured at some of the others. 
The results of these tests are shown in 
Table 4. 

After the specimen at Niland, Calif., 
was removed, it was sandblasted. This 
revealed six graphitized areas going 
completely through the wall of the 
pipe; the largest hole formed was } in. 
in diameter. In spite of this, the bomb 
failed at the bronze weld at the end 
of the specimen, not at the holes. This 
series of tests is still in progress. 

As a result of its work on graphi- 
tized cast iron, the Bureau of Stand- 
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ards has concluded that “Cast-iron pipe 
in an advanced stage of graphitic cor- 
rosion is able to withstand the mini- 
mum pressure of Class 150 pipe.” *® It 
should be noted here that the soils used 
in the survey tests on graphitic corro- 
sion are all of the most corrosive type 
used in the studies of the Bureau of 
Standards and do not reflect the usual 
effects of the vast majority of soils in 
the United States. 


Summary 


Three basic factors must be consid- 
ered in evaluating the potential corro- 
sion hazard to an underground piping 
system : 

1. Are there any external 
of direct current that might enter the 
earth and thereby cause the pipe to 
become a part of the electrical circuit ? 
Such sources as street railway systems, 
mining operations, cathodic protection 
installations on other structures, and 
improper use of welding equipment 
must be studied. 

2. Is the environment itself in which 
the pipe will be installed aggressively 
corrosive? In other words, will the 
environment produce or tend to accel- 
erate galvanic or bacterial corrosion? 

3. What has been the history of cor- 
rosion on existing structures in the 


sources 


areal 

With regard to the effects of soil, 
the results of many tests support the 
conclusion that cast-iron pipe has a 
long useful life, even in soils consid- 
ered aggressively corrosive to ferrous 
metals. Cast-iron pipe has the advan- 
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tage of being somewhat electrically dis- 
continuous and thus less susceptible to 
becoming a long corrosion cell. Field 
studies of cast-iron pipe in water sys- 
tems located at widely scattered points 
in the United States and in a variety 
of soils have shown that cast iron re- 
sists corrosive attack very well where 
stray current factors are not actively 
involved. 

The data obtained by the Bureau of 
Standards clearly indicate that there 
is essentially no correlation between the 
rate of corrosion of cast-iron pipe and 
soil resistivity alone. The bomb tests 
of the Cast Iron Pipe Research Asso- 
ciation have shown that cast-iron pipe 
in an advanced state of graphitic corro- 
sion has sufficient strength to with- 
stand pressures many times those re- 
quired in normal service. This work 
has also been confirmed by the Bu- 
reau_ of Standards. 
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Toxicity of Small Quantities of Cadmium and 
Chromium in Drinking Water Administered 
to Dogs During a 4-Year Period 


Richard U. Byerrum, Rashid A. Anwar, and 


A report prepared for Advisory 


Carl A. Hoppert 


Committee 2610 P 


Chromium and 


Cadmium Solubility and Toxicity, and presented on Jul. 14, 1959, at 
the Annual Conference, San Francisco, Calif., by Richard U. Byer- 
rum, Prof. of Chemistry; Rashid A. Anwar, Research Instructor in 
Chemistry; and Carl A. Hoppert, Prof. of Chemistry, all of Michigan 


State Univ., East Lansing, Mich. 


REVIOUS studies** at the au- 

thors’ laboratory at Michigan State 
University have shown that 0.1—-10 ppm 
of cadmium and 1-25 ppm of chromate 
in drinking water had no effect on the 
growth rate or food consumption of 
rats over a 1-year period. In addition, 
no pathologic changes in blood or other 
tissues were noted in these animals. 
Although these studies indicated that 
small concentrations of cadmium and 
chromate were nontoxic, the experi- 
ments were limited, for only one spe- 
cies of animal was used and the total 
period of consumption of the elements 
was 1 year. The present study was 
undertaken to ascertain the effect on 
dogs of small amounts of cadmium and 
chromate ions in drinking water admin- 
istered over a 4-year period. 


Cadmium Studies 


Four pairs of female dogs were ad- 
ministered, ad libitum, drinking water 
containing 0.5, 2.5, 5, and 10 ppm of 
cadmium as cadmium chloride. A con- 
trol dog received water with no cad- 
mium added. All dogs were fed a com- 
mercial dog food that contained essen- 
tially no cadmium. Animals drinking 
water containing the above concentra- 


= 


tions of cadmium showed no abnormali- 
ties in physical condition, food or water 
intake, or growth during a 4-year pe- 
riod. There was, however, an accu- 
mulation of cadmium in the liver and 
kidneys which was proportional to the 
concentration of the element in the 
drinking water, when the concentration 
of cadmium was 5 ppm or less. The 
pancreas showed a small increase in 
cadmium in proportion to the quantity 
in the drinking water, but the concen- 
tration (in parts per million per gram 
wet weight of tissue) was less than 
that in the liver or kidneys. The cad- 
mium content in these three organs of 
dogs receiving 10 ppm of cadmium was 
essentially the same as that in the tis- 
sues of dogs receiving 5 ppm of cad- 
mium. Routine examination of urine 
for albumin and of blood for total 
hemoglobin, red cells, and white cells 
showed no abnormalities. Microscopic 
examination of tissue sections from all 
the test animals is in progress. 

An attempt was made to isolate a 
cadmium-protein fraction from dog 
liver * after a single nontoxic dose of 
Cd", in the hope that a naturally oc- 
curring, cadmium-containing protein 
might be discovered. Margoshes and 
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Vallee ® have reported the possibility 
of a cadmium-protein in horse kidney. 
Previous work at the university labo- 
ratory * showed that a few hours after 
a rat was given a single intravenous 
injection of Cd'™® (NO,),, about 65 
per cent of the injected dose appeared 
in the liver. This concentration of 
radioactive cadmium remained essen- 
tially constant over a 5-week period. 

The protein precipitates obtained 
when a water extract of an acetone 
powder of dog liver was made 10 per 
cent with trichloroacetic acid (TCA) 
showed radioactivity, although 
70-75 per cent of the total radioactivity 
of the liver acetone powder was found 
to he soluble in water. About 90 per 
cent of the radioactivity extractable 
with water was nondialyzable, but 
when ammonium sulfate was used as 
a precipitating agent, the protein pre- 
cipitates were found to contain much 
of the radioactivity. This observation 
suggests a loose binding of cadmium 
with the proteins. Margoshes and 
Vallee ® have also observed that cad- 
mium was removed from the cadmium- 
containing protein fraction isolated 
from horse kidney on treatment with 
warm TCA. 

Inasmuch as no cadmium could be 
detected in the liver or kidneys of con- 
trol dogs that received no added cad- 
mium in water, and because of a loose 
attachment of cadmium to the liver pro- 
tein fractions, the binding of cadmium 
in the liver and kidneys may be a part 
of a detoxication mechanism. Cadmium 
may be preferentially bound to certain 
proteins, so that it may not inactivate 
certain cadmium-sensitive enzymes 


Chromium Studies 


For 4 years, five pairs of female dogs 
were administered, ad libitum, drink- 
ing water containing 1.0, 5, 10, 15, and 
25 ppm of chromate ion as potassium 


The commercial dog food 


chromate. 
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used contained a small quantity of chro- 
mium. No abnormalities in food or 
water consumption, general appear- 
ance, or growth rate could be noted in 
any of the animals, nor were there any 
differences between the control and 
experimental animals as regards hemo- 
globin concentration, red cell count, or 
white cell count. There was an accu- 
mulation of chromate in the liver of 
all animals receiving chromate in the 
drinking water. This accumulation 
was greater than that observed in rats 
in a similar experiment.’ An abrupt 
increase in chromate concentration in 
liver tissue was noted in the dogs re- 
ceiving concentrations of chromate 
greater than 15 ppm. In contrast with 
previous observations in rats, chro- 
mate concentrations in dog spleen were 
found to be less than those in liver. 
Microscopic examination of various tis- 
sues from these animals and studies of 
the effect of chromate on liver enzymes 
are in progress. 
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Experiences in the 


Filter Bottoms 


Frank 


A paper presented on Oct 
ing, Parkersburg, W.Va., 
Ting. Depft., 


D' ‘RING the past 20 years, most 
water utility men have heard or 
read something about porous-plate 
filter underdrains and know that the 
use of such construction has been ex- 
tensive. Progress in its use has been 
based on the benefits derived through 
elimination of graded gravel as a filter 
medium support, the chief benefit being 
that porous-plate filter bottoms make 
it impossible for a bed to be upset. 

A share of the literature on 
the subject, including some articles by 
the author, discusses the origin, his- 
tory, and advantages of porous-plate 
filter bottoms in considerable detail. 
Some of the more interesting papers 
have been those that covered actual 
operation experiences. Specifically, re- 
ports have appeared on performance 
at Denver; Larchmont, N.Y.; Flat 
Rock, Mich. ; Fort Smith, Ark. ; Lewis- 
ton, Idaho; and Washington, D.C. 


good 


Early Development 


The first experimental studies, which 
grew out of the natural desire to elimi- 
nate graded gravel for filter medium 


support, took two courses. The first 
material tried was the smallest size of 
the usual supporting gravel, bonded 
with portland cement to form a porous 
slab. This proved unsuccessful in a 
comparatively short time, because the 
meager, semisoluble cement bond was 
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completely inadequate to hold the 
gravel granules together. 

The basic idea persisted, however, 
until tests were made of ceramically 
bonded porous plates. It was believed, 
as has now been proved, that a glassy 
bond fired a high-temperature kiln 
is both strong enough mechanically 
and sufficiently insoluble to provide 
permanent construction. Two inde- 
pendent tests were made of ceramically 
bonded plates, the first at the Univer- 
sity of Texas and the second at Provi- 
dence, R.I. These were made, respec- 
tively, with silicate-bonded silica gran- 
ules and clay-bonded, fused aluminum 
oxide granules. 

The granules of these materials were 
relatively small compared with the pea 
gravel previously tried. The test plates 
were of the grade then used for air 
diffusion of small bubbles into sew- 
age, and the available pore opening 
was considerably smaller than the inter- 
stices between ordinary sand particles. 

The Texas experiment proved that 
the basic idea was mechanically soujd, 
but the raw water was not treated be- 
fore filtration, and it was not possible 
to establish overall performance over a 
period of time. In contrast, the Provi- 
dence experiment paralleled operation 
in the city’s water treatment plant. As 
might have been expected, the under- 
drain plates eventually became an 
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hy the small solids that were able to 
pass through the filter medium. 

This is where the author’s firm came 
into the picture. It was recognized 
that it was necessary to support filter 
media on a material with pore spaces 
larger than the interstices between the 
filter sand or anthracite granules. Se- 
lected granules of 6-10 mesh, fused 
aluminum oxide were used to produce 
the very first underdrain plates, and 
that composition has remained in use 
to date. Thus, it can confidently be 
said that porous-plate filter bottoms 
will not clog if the selection is correct 
in the first place, and if the treatment 
plant is operated normally. Any trace 
solids that do find their way through 
the filter medium readily pass through 
the larger pores of the underdrain 
plates. 

There are a few special situations that 
can result in clogging, but the explana- 
tions are just about as simple and obvi- 
ous as was the need for selecting coarse 
size granules for plates. These excep- 
tions are described below. 


Clogging Difficulties 


Perhaps the first question asked by 
anyone not acquainted with the use 
of porous-plate filter bottoms is whether 
they will clog. This is a reasonable 
question, in that certain porous media 
used for direct filtration do clog and 
porous diffusers used for aerating 
sewage have some history of clogging, 
but there is no real physical similarity 
between these applications and _ filtra- 
tion of water supplies. Nevertheless, 
the author knows of one prominent 
consulting engineer who will not con- 
sider porous filter bottoms for filtra- 
tion plants, because porous air diffusers 
have been known to clog under some 
conditions in sewage treatment plants. 
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Porous-plate filter bottoms do not clog 
under normal and proper conditions of 
plant operation and if they are properly 
designed. They can clog if there 1s 
a misapplication or if subnormal opera 
tion occurs. Thus the experiences at 
various installations are significant, be- 
cause they help to establish criteria of 
what to do and what not to do. 
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Raw-Water Problems 

If the water supply to be filtered 
undergoes no pretreatment and has 
high seasonal turbidity, it is probable 
that the quantity and nature of solids 
passing through the filter bed will, in 
time, cause an accumulation in the fixed 
angular and irregular pores of standard 
porous underdrain plates. Such an 
accumulation may increase pressure 
loss to an objectionable degree, al- 
though it will seldom, if ever, progress 
to the degree that adequate backwash- 
ing with filtered water will not main 
tain operation. 

The author knows of two specific 
instances of interception of solids that 
could not be completely filtered from 
untreated raw water. Both installa- 
tions were in paper mills, where the 
estimated cost of constructing and op- 
erating adequate pretreatment facilities 
exceeded the cost of underdrain plate 
cleaning and replacement, if and when 
necessary. 

Probably there are other instances 
of this condition, because many pres- 
sure and gravity filters equipped with 
porous filter bottoms are used to filter 
water for swimming pools. It is likely 
that in most such installations a condi- 
tion of equilibrium is developed by 
backwashing with relatively clean pool 
water, thus keeping the underdrain 
plates clear enough to prevent increased 
pressure loss. 


: 
| 
# 
an 
j 
Se 
Ve 
' 
. 
; 
oN 
: 


May 1960 


Alum Difficulties 


If a water supply is treated with 
alum to coagulate solids and insufficient 
time or other difficulties prevent com 
pletion of such pretreatment, afterpre- 
cipitation of alum can cause an accumu- 
lation or coating within the underdrain 
plate pores. Again, good backwashing 
with clear water can help to establish 
a condition of equilibrium, but pressure 
loss through plates may be high. 

There has been some definite experi- 
ence with alum clogging. As a matter 
of fact, the first operating filter using 
coarse-grade underdrain plates, installed 
at Chicago’s experimental plant in 
1935, encountered this difficulty. It 
was found, however, that the plates 
responded readily to overnight treat- 
ment with sodium hydroxide, without 
necessitating removal of the filter 
medium. 

A somewhat similar experience was 
reported at the earliest municipal in- 
stallation made by Denver, in 1936. 
The elimination of alum clogging by 
sodium hydroxide treatment was very 
effective and economical in comparison 
with the operation of the previous 
graded-gravel underdrain system. 

A few parallel experiences with alum 
clogging were recorded or reported 
during the following 20 years. There 
is no current record of such experi- 
ences. however, because no plates have 
been removed for replacement. In 
other words, alum clogging, even 
though it may develop, has not been 
the source of enough trouble to render 
the porous-plate system impractical. 


Hydroxide Problems 


A more likely form of plate clog- 
ing is found in plants built for removal 
of iron or manganese. After the water 
is aerated to form insoluble hydroxides, 
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there should be an adequate period for 
coagulation and settling (possibly sup- 
plemented with sodium phosphate 
treatment), before final and complete 
removal by filtration is attempted. 
Otherwise, a coating of hydroxides will 
form within the porous structure of 
underdrain plates. If this condition 
develops in a comparatively short pe- 
riod of time, operation becomes unsatis 
factory, because acid treatment to re- 
move iron and manganese from porous 
plates is somewhat complicated and 
expensive. 

The consequences of iron and man- 
ganese clogging are quite serious. One 
installation, made in the late 1930's at 
Dakota City. Neb., was removed and 
replaced by another type of filter bot- 
tom. This small municipal plant was 
operated by the town marshal, Clog- 
ging was so serious that it could not 
have been controlled without construct- 
ing a new treatment plant, which the 
town certainly could not afford. Da- 
kota City is the only instance of serious 
clogging, but there probably have been 
a few similar but less critical experi- 
ences. Porous plates have been in- 
stalled in several iron removal plants, 
but there are no other recorded in- 
stances of removal or replacement. 


Calcium Carbonate Deposits 


The next, and potentially most seri- 
ous, condition that can cause clogging 
exists where a hard water is treated 
with lime and the reaction is incom- 
plete when the water is discharged 
onto the filters. The resulting in- 
crustation of calcium carbonate on 
filter media may extend to the filter 
bottom and on through the system. It 
is, in fact, planned that way in some 
systems as a means of protection 
against water that may be too soft or 
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otherwise aggressive. The coating or 
plugging of pores with calcium car- 
honate is probably not a condition that 
can be slowed down to equilibrium by 
hackwashing. It is more likely to 
progress until the pores are almost com 
pletely filled, so that only acid treat 
ment can restore an open structure. 

In a new installation made at Elgin, 
Ill., in 1937, pretreatment was so in- 
complete that considerable lime was 
noted even on top of the filter beds 
during the filtration part of the cycle. 
Coating of the underdrain plates was 
noted within a matter of days. For 
many reasons, it was considered that 
adequate pretreatment could not be 
installed and the porous underdrain 
plates were removed. The plates were 
returned to the author’s firm, given an 
acid soak, refired, and put in stock for 
later use under more suitable conditions, 

With a full-size, reconstructed filter 
at Flint, Mich., carbonate incrustation 
was expected because it was known to 
exist through and beyond the filters, 
but the local manager still preferred to 
eliminate gravel support and wanted 
to establish the time before clogging of 
plates became serious. The time was 
too short. Within a year, serious 
increases in pressure loss occurred, to 
the extent that the filter broke down 
completely during backwash. The 
Flint experience illustrated the ade 
quacy of plate strength and of the 
corner-bolting method of installation, 
the plates did not break under the high 
pressure differential during backwash, 
although they were almost completely 
plugged with calcium carbonate. The 
concrete piers to which they were 
holted were actually lifted out of 
position. 

Somewhat similar experiences of cal- 
cium carbonate clogging were recorded 
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in a few other places. At the same 
time, reports were being received on 
softening installations in which plate 
clogging did not develop to a serious 
degree 


Raw-Water Backwash 


One other practice that is known to 
cause clogging of standard-grade under- 
drain plates is the use of raw water for 
backwashing filters. This is such a sub- 
normal practice that it should not have 
to be mentioned. Obviously, there is 
nothing whatever to prevent the sus- 
pended solids in raw backwash water 
from accumulating in the pores of 
underdrain plates. Because the solids 
are lodged at a high upward velocity, 
the relatively slow downward velocity 
during the filtration part of the cycle 
cannot flush them out. Of course, this 
practice is unthinkable in connection 
with a public water supply, but it is 
surprisingly common for industrial 
supplies. 

The only known instance of serious 
plate clogging due to the use of raw 
water for backwashing was at a paper 
mill in Canada. Clogging became seri- 
ous during spring floods, and, because 
the plates could not be cleaned in any 
practical manner, they had to be re- 
moved and another system installed. 


Design and Installation Develop- 
ments 


Over a period of 25 years of devel- 
oping any idea, it can be expected that 
several features of design will be 
proved unsatisfactory and new success- 
ful features will be found. It was 
learned within only a few years, for 
example, that porous plates with wash 
water laterals formed in them could not 
be successfully cemented to a filter floor 
and that such plates were too expensive 
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when bolted down. Thinner plain 
plates, supported and anchored essen- 
tially as a false bottom by several dif- 
ferent methods, proved to be the only 
practical basic design. 

The question of how best to seal 
joints between plates has arisen 
throughout the development period. 
Almost any type of insoluble but 
strongly adhesive cement, which will 
not impart taste or otherwise contami- 
nate a supply, can be used satisfac- 
torily. It is frequently difficult, how- 
ever, to obtain workmen who are suffi- 
ciently conscientious to do a good job 
of installation. There is nothing diffi- 
cult about preparing a cement that can 
be “buttered” on the edge of plates to 
provide a_ satisfactory seal, but the 
workmen must do it carefully and not 
miss any joints in the process. 

Within the last few years, gaskets 
have been developed to seal the joints 
between  porous-plate underdrains. 
These have proved completely success- 
ful as well as economical. 

The first gasket was a rubber H 
section. Strips of this material, in- 
stalled so that the open ends would 
engage each plate, proved very satis- 
factory. Unfortunately, the gasket 
manufacturer has shown no further 
interest. 

In the meantime, a flexible polyvinyl 
chloride gasket has been developed and 
is working out excellently. This is 
a wide, continuous, corrugated band 
which exactly fits around the edge of 
each standard plate before it is in- 
stalled in position. Thus, if every plate 
is so gasketed, there are two thick- 
nesses of this material in each joint. 

Bolts, nuts, and washers to anchor 
or support plates have not created any 
problems through the developmental 
years, but a definite trend toward the 
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use of stainless steel has become estab- 
lished. No real trouble was ever ex- 
perienced with well galvanized or sher- 
ardized steel bolts, but, as the cost of 
stainless steel decreased, its use became 
more or less universal for underdrain 
plates. As the labor cost of installing 
bolts has increased, this trend to stain- 
less-steel bolts was encouraged. 
Current Practice 

By 1948 experiences with porous- 
plate filter bottoms had established 
reasonably clear areas of proper appli- 
cation and satisfactory design. There 
are now approximately 500 installa- 
tions, and the number of misapplica- 
tions that create clogging or installation 
difficulties is becoming very small. 

Publicity, correspondence, and con- 
tacts have been responsible for this sat- 
isfactory development and prevention 
of trouble. In Sioux Falls, $.D., for 
example, both the local utility man- 
ager and the consulting engineers 
wanted to build a new softening plant 
equipped with porous-plate filter bot- 
toms. The possibility of difficulty with 
carbonate incrustation was clearly out- 
lined to all parties involved. They still 
wanted to use porous plates in order 
to eliminate the difficulties they had 
experienced with graded gravel and 
went ahead with the project, making 
certain, however, that the water de- 
livered to filters would always be stable. 
The plant was built in 1954, and there 
has been no increase of pressure drop 
through the filter bottom to date. 

Another interesting phase of current 
practice to determine economical filter 
design for future use in large cities, has 
heen the full-scale operation of porous 
plate-equipped filters. In each instance 
one or more of the other current types 
of filter bottoms have been installed 
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simultaneously so that performance 
could be compared concurrently and 
under similar operating conditions. 
Among the old large municipal 
plants in which new porous filter bot- 
toms have been installed are those in 
Washington, D.C. and Philadelphia. 
New plants having one unit equipped 
with porous plates are at Houston and 


Denver, 


Costs a 


The cost of porous-plate filter bot- 
toms depends largely on local condi- 
tions, basic design features, and 
whether plates are installed for recon- 
struction of old filters or as a part of 
a new filtration plant. Of lesser but 
still considerable consequence are the 
kind of accessory materials, ability of 
workmen, geographic location and, of 
course, the total area to be equipped. 

The 1959 delivered cost of plates 
alone varies from $4.32 to $4.85 per 
square foot, depending on quality. 
Stainless-steel bolts, nuts, and washers 
normally run about $1 each but may 
cost up to 50 per cent more. The new 
polyvinyl chloride gaskets are about 50 
cents each. The material cost therefore 
ranges from approximately $6 to $7 
per square foot. 

Reported figures on the cost of in- 
stallation have varied greatly during 
the period of the author’s experience. 
It is doubtful, however, if reliable cost 
data have been reported on more than 
5 per cent of the installations. The 
rule of thumb that the author’s firm 
has used in providing engineers with 
a rough estimate to cover labor of 
installing has been $4.50-5.00 per 


square foot. 


Need for Unified Designs os 


One point that has been forcibly 
brought out as a result of experiences 
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during the years of development is 
the need for unified filter bottom de- 
signs that can he purchased complete 
For the most part, engineers and utility 
ianagers have had to put the bits and 
pieces together with the help of a set of 
specifications. This requires time and 
effort and divides responsibility. There 
is a natural tendency to avoid such 
practice and choose another design, 
even though the alternative is less 
desirable. The development and sale 
of porous-plate filter-bottoms have thus 
been handicapped. 

Porous-plate filter bottoms have 
nevertheless become an integral part 
of some excellent complete filter units. 
One manufacturer offers a unique 
automatic-backwash filter. It has a 
background of proved performance in 
a number of installations over the past 
15 years. 

Two or three companies now offer 
pressure filter units equipped with 
porous-plate underdrains. The eco- 
nomic advantage of reducing the size 
of such units as a result of eliminating 
the use of graded gravel, is obvious. 

It is to be expected that equipment 
manufacturers will take more and more 
advantage of the economic and func- 
tional benefits offered by porous-plate 
underdrains as a basis for developing 
a so-called filter bottom package that 
will be adapted to the usual gravity 
filter designs. From a practical, long- 
range economic viewpoint, this trend 
is bound to be beneficial to engineers, 
utility managers, and others responsible 
for water filtration. 
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Conclusion 


The many benefits to be derived from 
the use of porous-plate filter bottoms 
for normal situations far outweigh the 
limitations, which exist only in un- 
usual or subnormal situations. 
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The course of development of porous- 
plate filter bottoms illustrates a sound 
principle: a fundamentally poor idea 
or piece of equipment will utimately 
fall by the wayside, no matter how 
much publicity or effort is expended 
to promote it. By the same token, an 
idea, material, or piece of equipment 
that offers a fundamental economic 
benefit is bound to retain interest and 
rain ultimate acceptance. 

Generally speaking, it has been easy 
to interest operators and managers in 
the natural benefits of porous-plate 
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ence in reaction is no mystery. Gener- 
ally, the former have had a long oper- 
ating experience with filters using 
graded-gravel underdrains, whereas the 
latter sometimes have little or no plant: 
operating experience. This is intended 
as an observation and not a criticism. | 
Experience has thus been the key 
factor in the entire background of rapid 
sand filtration. 
with gravel led to the original concep- 


Difficulties experienced 


tion of the rigid porous-plate under- 
drain system and have maintained in- 


terest in the current type of porous 
underdrain system ever since the first 
trial installation at Chicago in 1934. 


filter bottoms but often difficult to es- 
tablish acceptance among consulting 
engineers. The reason for this differ- 
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HE USPHS Drinking Water 

Standards of 1946+ are currently 
being re-examined in preparation for 
revision incorporating new knowledge 
acquired in the subsequent years. In 
establishing limits on concentrations of 
certain metals in drinking water, one 
of the several factors that must be 
considered is taste threshold. The 
technical literature is, unfortunately, 
lacking in such data. The study re- 
ported here was undertaken to provide 
taste threshold data on copper, iron, 
manganese, and zine for consideration 
in the revised standard. The results 
of the study are summarized in Table 
1, in which 5 per cent and 50 per cent 
points on the cumulative frequency dis- 
tributions of taste threshold concentra- 
tions are shown for each metal. 


Earlier Investigations 


During the years 1918-19, Stoof ?* 
conducted a series of taste experiments 
with tap water. He concluded that: 
(1) the limits of perception are lowest 
for ferrous iron and highest for potas- 
sium salts; (2) the anions can be ar- 
ranged in order of increasing taste 
threshold as OH-, NO-, Cl, HCO,.-, 
SO,-~; (3) the cations can be arranged 
in order of increasing taste threshold as 
Nat, Mg*, Ca*t, Fe**, Mn**; and (4) 


ammonium ion is characterized in all 
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its salts by a low threshold, and potas- 
sium hydroxide, in contrast to its salts, 
is easier to recognize than sodium 
hydroxide. 

In the early 1900's, experimental 
work was undertaken to examine the 
physiological effects of lead, galvanized 
iron, copper, and brass metals which 
were used extensively for water stor- 
age and conveyance. During this pe- 
riod little or no mention was made of 
the effects of these metals on the taste 
of water. One of the earliest recorded 
references to objectionable metallic 
taste in a public water supply was made 
by Scott and Jameson,®? who reported 
that water stored in a galvanized-iron 
tank had a definite metallic taste and 
was shown to contain not less than 47.2 
ppm of zinc. 

Copper. The flurry of research dur- 
ing and following the acceptance of 
copper and copper alloys as piping 
materials produced a large amount of 
data on the solubility and physiological 
effects of these metals, but relatively 
little on the resulting taste of the 
water. Schneider* quotes the Prus- 
sian Hygienic Institute for Water, Soil, 
and Air in Berlin, which stated that it 
was possible that a copper concentra- 
tion of 3-5 ppm could affect the taste 
of water adversely. Schneider sug- 
gested a few years later * that the ad- 
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nissible amount of copper in water be 
et at 5 ppm, as a greater content 
vould give the water a disagree ible 
aste. Spitta,® critically reviewing the 
iterature on the effect of copper on 
human health, stated that 2 ppm of 
opper was the taste threshold con- 
centration. Froboese,” on the other 
hand, reported that 1.5 ppm was the 
lowest concentration of copper that 
normaily could be tasted. . 

Zinc. The extensive use of gal- 
vanized-iron pipe prompted compre- 


hensive investigations into the health 


TABLE 
Taste Thresholds for Metals in Water — 


Threshold Frequency in 
Distilled Water 


- TASTE THRESHOLDS OF METALS 


from the constant use of water con-— 
taining 23 ppm of zine. 
on the occurrences of high concentra- 


In a survey 


tions of zinc in drinking water, Ander- 


Reinhard, and Hammel ™ stated 
that 40 ppm of zinc gives water a 
milky appearance and produces an 
astringent taste. In a review of all 
aspects of zine in drinking water, Heg- 
stedt, McKibben, and Drinker '? con- 
cluded that 30-40 ppm of zinc is rea- 
sonable and safe in drinking water. 
The implication is that the taste is not 
objectionable at these maximum levels. 


son, 


Threshold Frequency in 
Spring Water 


50% 5% 


Ton Concentration —ppm 


Zinc sulfate 
Zinc nitrate 
Zine chloride 
Cupric chloride pa 
Ferrous sulfate 0.04 
Hydrous ferric oxide 0.7 
Manganous sulfate 3.6 


* Threshold values are for the metal ion, not the salt. 


effects of dissolved zinc. In an excel- 
lent summary of the literature, Drinker 
and Fairhall*® reported that a panel of 
ten men and ten women judged the 
taste of zine sulfate in distilled water, 
with these results: 2 detected the taste 
at 19 ppm, 4 at 37 ppm, 10 at 73 ppm, 
and the remaining 4 at 156 ppm. The 
taste was described as unpleasant and 
astringent. Bartow and Weigle® re- 
ported that water supplies in Brisbane, 
Australia, containing 17.1 ppm of zinc 
and West Berlin, Mass., containing 
18.5 ppm produced no unpleasant re- 


Mason ?° reported no ill effects 


sults. 


Tron. Although it is common knowl- 
edge that iron imparts a metallic taste 
to water even when present in low 
concentrations, there appears to be 
little quantitative data in the literature. 
A notable exception is the work of 
Balavoine '* who determined the taste 
threshold concentrations of certain 
metals in various substrates, including 
distilled water, as: copper, 2 ppm» 
ferric iron, 0.2 ppm; ferrous iron, 
ppm; and zinc, 2 ppm. 
pointed out that ferrous iron imparts a 


iron. 


He hed 


more noticeable taste than does ferric | 


Using the triangle method of 
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Cumulative Distribution of Threshold Taste —per cent _ 
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Fig. 1. Distribution of Taste Threshold Concentrations of Zinc in Distilled Water 


Shown are estimated taste thresholds for 50 per cent of the panelists and the mos 
sensitive 5 per cent. The dashed lines represent the 95 per cent confidence limits. 


| | i 


Zinc Sulfate Zine Chloride 


istribution of Threshold Taste — per cent 


Cumulative 
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Fig. 2. Distribution of Taste Threshold Concentrations of Zinc in a Spring Water 
Shown are estimated taste thresholds for 50 per cent of the panelists and the mos 
sensitive 5 per cent. The dashed lines represent the 95 per cent confidence limits. 
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testing and a panel of 18 or more 
members, Lockhart, Tucker, and Mer- 
ritt’* found 10 ppm to be the taste 
threshold for ferric iron added to dis- 
tilled water as ferric sulfate (this was 
the only reference that described the 
method of determinatior 


Test Water 


Both distilled water and spring water 
were used for test solutions to deter- 
mine whether mineralization affects 
threshold determinations : 

1. Distilled water was treated with 
a large excess of activated carbon to 
remove all extraneous taste. Follow- 
ing addition of metal salt, adjustment 
of pH was made with either sodium 
bicarbonate solution or gaseous carbon 
dioxide to yield a final pH of 6.0-6.5. 

2. Natural spring water was treated 
with 1.0 ppm chlorine, usually over- 
night, and then dechlorinated with acti- 
vated carbon. Initial adjustment to 
pH 6.5 was obtained by adding 1.0N 
sulfuric acid; final pH control, after 
addition of metal salts, was accom- 
plished in the same manner as for 
distilled water. In some tests an ex- 
cess of carbon dioxide was added to 
obtain a lower pH in order to keep 
some of the metals in solution. Analy- 
sis of the spring water after chlorina- 
tion, dechlorination, and pH adjust- 
ment to 6.5 is shown in Table 2. 


General Procedure 


In all of the tests, a stock solution 
was prepared by dissolving the analyti- 
cal grade metal salt in the test water. 
Computed aliquots of the stock metal 
solution were added to the test water 
and the pH was adjusted to 6.0-6.5. 
In some cases desired solubility was 
obtained by adding carbon dioxide to 
lower the pH. If the lower oxidation 
state of the metal was desired, as, for 
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example, with ferrous iron, oxygen 
was removed by bubbling nitrogen 
through the 'test solution for several — 
hours, and transfers of solution were 

made by siphon to avoid reaeration | 
with atmospheric oxygen. Final con- — 
centrations of metal in solution were 

checked by quantitative determinations 
for the specific metal. 

Judges were presented portions of 
the metal solutions in 50-ml beakers. 
Dark brown, 2-0z bottles were used for 
those tests which involved colored 


solution in the higher concentrations. 
Taste, unfortunately, can be meas- 
ured only the subjective judgment of 


TABLE 2 
Mineral Analysis of Adjusted Spring Water : 


Concentration 
Constituent ppm 
Alkalinity (as CaCO;) 
Hardness (as CaCO;) 
Calcium 


Magnesium 
Chloride 


Sulfate 
Total solids 

Iron 
Copper ye 
Zinc 


Manganese 


the individual. A degree of objectivity 

can be attained by use of tests which 
depend solely upon discrimination. 

For this reason two experimental meth- 
ods were selected for the determination 

of sensory differences. The panel was 

composed of 15-20 judges selected 

from the laboratory staff, many of them 

accustomed to evaluating water quality 

by taste or odor. Some were smokers; — 
others were not. At first, a modifica- 
tion of the “triangle test,” a phrase 
used by Helm and Trolle,’® was used 

in all of the testing. This method was 

supplanted by the duo-trio test,** which 

provided the data with less fatigue. 


663 
4 
26 
14 
132 
460 
<0.01 
<0.02 
<0.01 
<0.05 
| 
' 
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Modified Triangle Test 


In the triangle test, the test solu- 
ions were presented to the panel mem- 
vers in sets of three of the type AAB. 
In this test, the taster was served three 
samples identified only by a code num- 
ber and was aware that two of the. 
samples were identical. Each set of 
three consisted either of one sample 
of plain test water and two of test water 
containing a metal salt, or one sample 
of the metal salt solution and two of 
the plain water. Combinations were 
presented randomly in the six possible 


(AAB, ABA, BAA, BAB, 


orders 
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Duo-Trio Test 


In the duo-trio test, samples were 
offered to the judges in pairs rather 
than in sets of three. Each judge 
was provided with uncontaminated test 
water which served both as a rinse 
and a control. He was then given, in 
unknown order, a pair of samples, one 
of which was pure water and the other 
test water containing a concentration 
of metal salt. The judge was required 
to state which beaker in the pair con. 
tained the metal salt solution. In all 
cases a judgment was forced ever 
though no discrimination could _ be 


TABLE 3 


Taste Threshold Frequencies at Varying Concentrations of Zinc Ion 


Distilled Water 


Spring Water 


Zine lon 
Concentration 


Zine Nitrate 


Zine Sulfate 


Cumulative Threshold Distribution —% 


Zine Chloride Zine Sulfate Zine Chloride 


0.1 0.03 
1.9 0.06 
10 4.5 
32 19 
64 
91 


0.07 


ABB, and BBA), each at a different 
concentration, Plain test water was 
used as a rinse between each sample. 
In each set, the panelists were asked 
to select the odd sample. 

In this modification of the standard 
triangle test, the panelists were further 
required to state whether the samples 
were plain test water or metal salt 
solution. In each test period they were 
presented with three sets of triangles, 
each set representing an increasing 
concentration of the metal salt. The 
following day three additional sets of 
triangles were offered, to yield a total 
of six concentrations. 


made. In each test period a series of 
5-7 pairs, covering the range of metal 
salt concentrations, were judged by 
each panel member. 


Computations 


Results of these threshold experi- 
ments were analyzed statistically to 
estimate the proportion of individuals 
able to discriminate between the test 
material and the solvent at or below 
each concentration. An individual’s 
threshold was defined to be a concen- 
tration such that, at all equal or higher 
concentrations, the individual was cer- 
tain to identify the test: samples cor- 
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rectly, whereas at lower concentrations 
he would do so purely by chance. 

Actually, an individual’s threshold 
was allowed a range between two adja- 
cent concentrations, as the cumulative 
proportion of thresholds was estimated 
only at those concentrations used in 
the experiment. The probability, /, 
of correct identification by chance 
below the threshold was determined 
by the design of the test; for example, 
p=} in the modified triangular test and 
1 in the duo-trio test. Mathematical 
details of the statistical methods have 
been published by Harris.17 In addi- 
tion to estimating the cumulative fre- 
quency distribution of threshold con- 
centrations, 95 per cent confidence lim- 
its for the true distribution for each 
compound were also computed. These 
limits take into account the variations 
in estimated threshold distributions that 
would be possible if the same panel 
were given the same tests repeatedly. 
Proper interpretation of such limits is 
given in the results reported below. 

Zine sulfate, zinc chloride, and zinc 
nitrate were tested in both distilled and 
spring waters by the modified triangle 
method. The three anions were se- 
lected to determine the effect of each 
on the taste threshold of the metal 
cation. Adjustment of the hard spring 
water to a pH of 6.0-6.5 permitted 
testing at concentrations up to 128 ppm 
without serious problems of precipita- 
tion. Concentrations of dissolved zinc 
were determined by the dithizone 
mixed-color method as described in 
Standard Methods."* 

The data for zine salts in distilled 
water are presented in Fig. 1, in which 
the cumulative threshold distribution 
is plotted as a solid line against ion 


concentration. 


The two dashed lines 
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represent 95 per cent confidence limits. 
Also shown are the threshold concen- 
trations of 50 and 5 per cent of the 
panel. At each of these levels, the 
computed 95 per cent confidence limits 
are shown. For example, in the case 
of zinc sulfate in distilled water, the 
estimated taste threshold of 50 per cent 
of the panel, based on a single test 
series, was 17.6 ppm of zinc. It is, 
however, 95 per cent certain that if 
thresholds were determined repeatedly 
by the same panel, the average propor- 
portion of individuals detecting a taste 
at 17.6 ppm or less would be greater 
than 26 per cent but less than 76 per 
cent. The more sensitive 5 per cent 
of the panel were able to detect zinc 
sulfate at a concentration of 4.3 ppm 
as zinc ion. The 95 per cent confi- 
dence limits for the true average por- 
tion of the panel detecting this concen- 
tration are 1.0 and 17 per cent. The 
data show that the 50 per cent taste 
threshold for zinc ion increases accord- 
ing to the compound added, in the fol- 
lowing order: 17.6 ppm ZnSO,, 21.6 
ppm Zn(NO,)., 24.8 ppm ZnCl, as Zn. 

The taste of zinc was less noticeable 
when mineralized natural spring water 
was used as the solvent. The test data 
are presented in Fig. 2. The taste 
threshold for 50 per cent of the panel 
was 27.2 and 32 ppm of zinc as zinc 
sulfate and zinc chloride respectively. 

The threshold frequencies for vari- 
ous concentrations of zinc ion are sum- 
marized in Table 3. Concentrations of 
zinc of the order of 2 ppm were de- 
tected by less than 1 per cent of the 
panel. At 4 ppm, zinc was readily de- 
tected in distilled water by a significant 
percentage of the panel, although a 
natural water had suppressed the taste 
for all except the more sensitive 1 per 
cent. Zinc at 8 ppm produced a taste 
in a natural water for 4.5-8 per cent 


of the panel. 


| 
: 
a 
| 
} 
= 
> 


666 


The taste of zinc was generally de- 
scribed as astringent or bitter, with 
considerable persistence of taste and 
astringent sensation even after rinsing; 
this may have influenced the accuracy 
of the judgment. The effects of the 
carryover probably were reduced by 
presenting the subsequent samples in 
increasing concentrations, so that judg- 
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modified triangle method. To prevent 
precipitation of copper carbonate in 
the hard spring water, up to 200 ppm 
of carbon dioxide was added, although 
the pH was maintained at 6.5. The 
same amount of carbon dioxide was 
added to the blank and rinse waters. 
Most of the judges were aware of the 
excessive amounts of carbon dioxide, 
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Distilled Water 
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Distribution of Taste Threshold Concentrations of Copper in Distilled 
and Spring Water 


Shown are estimated taste thresholds for 50 per cent of the panelists and the most 


sensitive 5 per cent. 


ing always proceeded from a lesser to 


higher concentration. 


Copper 


The familiar compounds of copper 
are derived from both the +1 and +2 
oxidation states of the metal. As the 
cuprous forms are unstable in water, 
only cupric chloride was tasted in both 
distilled and spring waters using the 


The dashed lines represent the 95 per cent confidence limits. 


but, as both the blank and metal salt 
solutions contained the same amount of 
carbonation, and as the judges were 
required to detect only a difference, 
it is unlikely that the taste threshold 
for copper was altered significantly 
by this procedure. Determinations of 
soluble copper were made according to 
cuprethol method described in Stand- 
ard Methods*® 
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Distributions of taste threshold con- 
centrations for copper are shown in 
Fig. 3. Half of the panel detected the 
taste of 6.6 ppm copper added as cupric 
chloride in distilled water. A higher 
concentration, 12.7 ppm, was required 
in spring water before the same per- 
centage of the panel detected a taste. 
At a concentration of 2.6 ppm in dis- 
tilled water and 5.0 ppm in spring 
water, the taste of copper was appar- 
ent to 5 per cent of the panel. 

The taste of copper was generally 
described as bitter. Some panel mem- 
bers noted a sweet sensation during 
smoking after the test. 


Iron 


Soluble iron occurs in natural waters 
predominantly in its bivalent com- 
pounds. Except for highly acid waters, 
the trivalent form of iron occurs as 
particulate matter ranging in size from 
readily settleable to colloidal forms. 
Iron also may be present in organic 
compounds. 

No taste determinations were made 
on ferric salts because of rapid hy- 
drolysis and precipitation even under 
acid conditions. As taste is produced 
only by materials in solution, it is likely 
that the insoluble ferric forms of iron 
would not adversely affect the taste of 
water; however, some estimation of 
the taste threshold of ferric iron was 
obtained by testing a colloidal suspen- 
sion of hydrated ferric oxide, prepared 
according to a method described by 
King.’® Attempts to prepare a soluble 
lignate and tannate of ferric iron 
proved unsuccessful; hence no estimate 
was made on these organic iron 
compounds. 

Taste thresholds of ferrous sulfate 
were determined in both distilled and 
spring water solutions using both the 
modified triangle and the duo-trio 
methods. Oxidation and precipitation 
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of the reduced form of the iron salt 
were minimized by lowering the pH 
of the test solutions to 5.0 and by re- 
ducing the dissolved oxygen to low 
concentrations (<0.2 ppm) with nitro- 
gen gas. Analyses for the ferrous ion 
by the tripyridyl procedure described 
in Standard Methods** showed that 
only minor amounts (1-4 per cent) 
of the ferrous iron had been oxidized 
to the ferric state during the testing 
period. Dark-brown containers effec- 
tively masked the color of the water 
containing higher concentrations of col- 
loidal ferric oxide. 

Data obtained on iron, Fig. 4, show 
that 50 per cent of the panel were able 
to detect ferrous iron at 3.4 and 1.8 
ppm in distilled and spring water re- 
spectively. These threshold concentra- 
tions are lower than any of the metals 
tested in the study. More significant, 
however, is the low concentration (0.04 
ppm in the distilled water), at which 
the most sensitive 5 per cent of the 
panel could detect ferrous iron. <A 
somewhat higher threshold (0.12 ppm) 
was obtained in the spring water. The 
least sensitive 5 per cent of the panel, 
on the other hand, was unable to de- 
tect iron at a concentration of 256 ppm 
in distilled water. Thus the taste of 
ferrous iron is characterized by a wide 
range of detectability. The most acute 
tasters were 6,400 times as sensitive 
as the least acute panelists. 

Although not in true solution, col- 
loidal hydrated ferric oxide was still 
capable of eliciting a taste response 
from the panel members. The thresh- 
olds were generally higher than for the 
soluble ferrous form of iron, however. 
The curve for this form of iron (Fig. 
4) indicates that 50 per cent of the 
panel detected the taste of the metal 
at a concentration of 8.8 ppm; and the 
most sensitive 5 per cent had their 


threshold at 0.7 ppm. — 


j 
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The taste of iron was variously de- 
scribed as bitter, sweet, astringent, and 
“iron tasting.” 


Manganese 


\Ithough manganese exhibits oxida- 
tion states of +1 to +7, its only com- 
pounds of interest in natural waters are 
the manganous forms. All other in- 
organic forms either are unstable in 
water or form extremely insoluble ox- 
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taste in the spring water until present 
in relatively high concentrations. Only 
1 per cent of the panel could taste man- 
ganese at a concentration of 32 ppm. 
3y extrapolating on the threshold fre- 
quency curve, one may estimate the 
concentration at which 50 per cent of 
the panel would detect manganese as 
180 ppm. Apparently manganese is 
more readily detected by taste in dis- 
tilled water, as shown in Table 4. 


ive] 
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Ferrous Sulfate 
Distilled Water 


@ 


Ferrous Sulfate 
Spring Water 


Colloidal Ferric Oxide 
Distilled Water 
(Duo-Trio Method) 


(Triangle Method) 


Cumulative Distribution of Threshold Taste — per cent 
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Fig. 4. 


Distribution of Taste Threshold Concentrations of Iron in Distilled 


and Spring Water 


Shown are estimated taste thresholds for 50 per cent of the panelists and the most 


sensitive 5 per cent. 


ides. Manganous sulfate was tested in 
both distilled and spring water using 
the duo-trio method. Determinations 
for manganese were made according to 
Standard Methods,’* by the periodate 
procedure. 

Stable manganous sulfate solutions 
were prepared by dissolving the salt 
in the test solutions and adjusting the 
pH to 6.4. No detectable oxidation 
occurred during the period of taste test- 
ing. From the data shown in Table 4, 
manganese did not produce a detectable 


The dashed lines represent the 95 per cent confidence limits. 


Summary and Conclusions 


Taste threshold frequency distribu- 
tions have been determined for certain 
metals that frequently occur in natural 
waters and impart a taste to water in 
concentrations below those at which 
toxic symptoms are produced. These 
data may be of use in establishing limits 
for these metals in drinking water. 

Application of laboratory panel data 
to the general population is difficult ; it 
has been accomplished in the food 
products fields only at great expense 
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large-population sampling. It is 
very likely that the thresholds obtained 
in this study are lower than those of 
the general public, for the panel mem- 
bers were accustomed to evaluating 
water for taste and odor. Some evi- 
lence was obtained that certain panel 
nembers, accustomed to drinking 
water containing substantial amounts 
f iron, were the least sensitive to iron 
in these tests. This may explain the 
wide range in detection of iron con- 
centrations. Because of the limitations 
of panel composition and bias, no at- 
tempt was made to determine the rela- 
tive acceptability of the test samples. 
Certain general conclusions be 
drawn from the data summarized in 
Table 5, however. 

Zinc was detected at the 5 per cent 
frequency level at a concentration of 
43 ppm. The taste was generally 
‘haracterized as bitter, but it was de- 
tectable also by the astringent sensa- 
tion which persisted for some time after 
tasting. At the 5 per cent frequency 
level, copper behaved similarly to zinc 
and was detectable at a: concentration 
f 2.6 ppm. The taste of copper was 
persistent and was particularly notice- 
ible as a sweet sensation during smok- 
ing following the testing period. Fer- 
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TABLE 4 


Taste Threshold Frequencies at Varying 
Concentrations of Manganous Ion 


| 
| Distilled Water 


Spring Wate: 
Manganese 
Concentration 
ppm 


Cumulative Threshold 
Distribution—% 


rous iron was detectable at the lowest 
concentration of the metals studied, 
being readily tasted by 5 per cent of 
the panel at a concentration of 0.04 
ppm. Manganese was more easily de- 
tected than either zinc or copper but 
less easily detected than iron. A man- 
ganese concentration of 3.4 ppm was 
tasted by 5 per cent of the panel. 
Further comparison of the taste 
thresholds of these metals is noted in 
the range of concentrations from that 
just detectable by the most acute 5 per 
cent of the panel to those at which 95 
per cent of the panel tasted the metal. 
This comparison, shown in Table 6, 


TABLE 5 


| 
| Zine Sulfate 
Ion Concentration 


Cupric Chloride 


Ferrous Sulfate Manganous Sulfate 


| 


Cumulative Threshold Distribution —% 


1 | 
| 4 6 0 
16 | 26 0.05 
128 82 43 
| 
~ ie Taste Threshold Frequencies for ns of Metals in Distilled Water 
ppm 
2 0.5 14 44 ? 
4 4.5 19 53 
8 19 | 60 | 13 
16 95 26 | 
= * Not detected. 
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PABLE 6 
Range of Concentrations in Distilled Water 
Detectable by Panel Members 


Threshold Distribution 


| 


Concentration 


Zine 
Copper 
Manganese 


reveals that iron and, to a much lesser 
degree, manganese show a remarkable 
spread of concentrations. Conversely, 
copper shows a small range. Although 
the full significance of this observation 
cannot be assessed at this time, the 
small range for copper does have the 
practical significance of pointing out 
that small increases in copper content 
result in rapid changes in threshold 
distribution. 

With the exception of the ferrous 
ion, solution of the metal ion in spring 
water increased the taste threshold. 
For example, at the 50 per cent distri- 
bution level, the values for zinc sulfate 
were increased from 17.6 in distilled 
water to 27.2 ppm in spring water; 
the increase for copper ion was from 
6.6 to 12.7 ppm, and for manganese it 
was from 45 to 166 ppm. This trend 
was reversed with ferrous ion, for 
which the values were 3.4 and 1.8 ppm 
for distilled water and spring water 
respectively. 
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Style Manual for Journal Authors 


An editorial statement specifying the mechanical and 


Editorial Statement 


style require- 


ments for Journal manuscripts and outlining briefly the steps involved 


in Journal publication procedure, with a supplementary discussion of 


the rules of oral presentation. 


MANUSCRIPT is the raw ma- 
terial from which each JoURNAL 
rticle is fabricated. Only to the ex- 
nt that the manuscript is of superior 
uality can the published article be of 
iperior quality. Just as it is expen- 
ve to produce a product of standard 
uality from an inferior raw material, 
requires added effort and time to 
evelop even a fair presentation from 
poorly prepared manuscript. 

At the other end of the production 
process, quality again hangs in the bal- 
ince. The superior quality of any raw 

aterial is lost if the manufacturing 
rocess is slipshod; a good manuscript 
scomes a poor article if the editing or 
ie proofreading is carelessly handled. 
Because the inferior manuscripts re- 
‘ived are almost always inferior from 


Too much emphasis cannot be 

aced upon the basic mechanical re- 
quirements of manuscript preparation. 
If no other rules than the fundamentals 
of proper manuscript typing are fol- 
lowed, the editor will have been re- 
lieved of an onerous eye-straining task 
of squeezing and patching that cannot 
but distract him in performing the 
more important functions of editing, 
and the typesetter will have been re- 


Manuscript Preparation 


a mechanical standpoint rather than by 
reason of their subject matter or its 
interpretation, and because poor arti-— 
cles are usually the result of an author’s | 
misconception of his part in the publi- 
cation process, the Association presents 
herewith a guide to the mechanics of 
manuscript preparation and to the 
proper handling of proofs. Though > 
by no means a complete manual of — 
style, so far as they go these specifica- 
tions are to be considered the standard 
for JoURNAL authors. Additional in- 
formation regarding the points covered — 
and detailed advice concerning the or-— 
ganization and development of the tech- 
nical article may be obtained from a 
number of books dealing wer 


with those subjects.” * 


lieved of the costly necessity of guess- 
ing his way through a labyrinth of 
confusing interpolations. 

These rules are fundamental: 

1. Every manuscript should be type- 
written on one side of 84 xX 11-in. white 
paper, capable of taking ink and sub- | 
stantial enough not to curl. 

2. Every part of the manuscript 
should be double spaced. Tabular ma- 


terial, lists of references, and quota- 
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tions require much more marking than 
straight copy, so it is particularly im- 
portant to allow the editor and the 
printer ample room between lines to 
write in their instructions to the 
typesetter. 

3. Margins throughout the manu- 
script should be at least 1 in. on both 
sides and top and bottom. 

4. The original manuscript—never a 
carbon copy--should be submitted for 
publication; extra copies are helpful, 
hut the original should always be sent. 

In addition to these basic require- 
ments, there are other rules of prepa- 
ration which will eliminate confusion 

both in editing and in reading the 
paper before an audience: 

Long words at the ends of lines 
should not be split to the next line, as 
the hyphenation necessary makes type- 
setting less accurate and reading more 
difficult. 

Tabular material, reference data, and 
footnotes should be typed on separate 
sheets. As they are not typeset on the 
same machines as the text of the paper, 
they must at some point be separated 
from the main portion of the manu- 
script. As they are not usually read 

s part of the oral presentation, they 
merely interrupt the speaker. 

Indention should not be relied upon 

~ to subordinate or set off portions of the 
text, as that method does not lend itself 
to use in the narrow JourN..L columns. 

Speakers, too, will find the use of num- 

bered paragraphs or subtitles much less 

difficult to handle than any means of 
oral indention yet devised. 

Capitalization should never be used 
as a means of emphasis. In the printed 
article, capital letters are both cum- 
bersome and ugly. In both printed 
and typewritten form, they are difficult 

to read. 
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Underlining for emphasis should be 
held to an absolute minimum. Not 
only do the resulting italic letters de- 
tract from the appearance of the Jour 
NAL article, but the method defeats it: 
purpose if overused. 
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Titles 


The title of a paper should be a key 
to its contents, not an abbreviated bold- 
face version of the discussion itself. It 
should be long enough to be specific, 
but short enough, preferably, to fit on 
a single line—short. enough, too, to be 
remembered. A good title maintains 
the tone of the paper itself and classi- 
fies its story briefly and pointedly. An 
examination of some recent issues of 
the JourNAL will indicate the general 
type preferred and the space limitations 
involved. 

On a separate sheet of paper, to 
gether with the title, there should b 
included copy for the byline and th 
introductory note which appears di 
rectly below it. 

For the byline, the author shoul 
generally use his first name, middl 
initial and last name, unless he doe 
not regularly employ that form of 
address. 

For the introductory note, he shoul 
give complete information in the fol 
lowing form: 


A paper presented on (date), at th 
(section name) Meeting, (city o 
meeting ), by (author's name), (author’ 


title or position), (author’s _ busines 


affiliation ), (author’s | complete mailins 
address ). 


Although only the city and state of 
the author’s address are given in the 
printed note, the full address is re 
quired in manuscript, so that corre 


spondence and proofs may be proper]; 
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lirected in preparing the paper for 
niblication. 


Subheads 


Subheads help the reader and en- 
hance the printed presentation of a 

aper. If the author has done a good 
ob of organization, he will have little 
rouble in developing and placing head- 
ngs in positions which correspond 
vith the divisions and subdivisions of 
is outline. Three types of subheads 
re used in the JoURNAL: 

1. Major subject headings, such as 
he two, “Manuscript Preparation” and 
Publication Procedures,” used in this 
ocument, are rarely necessary in the 
rdinary JOURNAL article. They are 
equired only when a discussion treats 
f two or more distinct major subjects. 
Vhen included, they should be typed 
entered on the manuscript page with 


t least two spaces above and below 


» allow the editor room to mark in 
ype specifications. 

2. Ordinary sideheadings, 
the boldface “Subheads” above, are 
ised to indicate the various points 
onsidered in discussing the subject of 
the paper. These heads are used in 
virtually every article printed; and for 
the large majority of articles they are 
the only heads required. In placing 
them in the manuscript, the author 
should type each on a separate line, 
flush to the left margin, with at least 
two spaces above and below. 

3. Minor headings, such as the itali- 
cized “Approach and Tone” and “Ter- 
minology” under the sidehead “Other 
Style Requirements,” are required only 
when the material under any one sub- 
head needs further breakdown for clar- 
ity or emphasis. Ordinarily, when re- 
quired at all, such breakdowns need be 
used only under one or two subheads 


such as 


FOR 
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in an article, particularly where the 
subdivided section is such a general 
repository as that mentioned above. 
Such minor headings should be under- 
lined in typing, and should be placed 
on separate lines, flush to the left mar-_ 
gin, with at least two spaces above — 
and below. 

Reference to some recent Journal 
articles will give the author a good 
general picture of the proper use of 
subheads, but some further points of | 
style should be emphasized : 

Subheads should be written in phrase, | 
rather than clause, form. Although © 
often effective, the clause form is for | 
the most part out of character in JouR- 
NAL articles as well as difficult to han-_ 
dle in the narrow columns used. Thus, | 
the phrase form has been made stand- 
ard for all articles—not “How to Pre-- 
pare a Manuscript,” but “Manuscript 
Preparation.” 

Subheads should be short, preferably | 
not more than two or three words, so — 
as to fit on one line. 

Subheads should be typed in capitals 
and lower case, never all capitals. 

At least two spaces should be left 
above and below each subhead to allow 
the editor space to write in his instruc- 
tions to the printer. 

Although it is impossible to give 
any general rule for the number of 
subheads to be used, authors should | 
remember that too many heads will 
make the presentation choppy as well 
as unattractive, and that too few will — 
make it formidable to the reader and 


difficult to follow. 


Good illustrative material can per- 
form an important function in clarify-— 
ing the written presentation of any 
subject, but to do so it must be both 


Illustrations 
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pertinent and intelligible. Photo- 
graphs, charts, graphs, and diagrams 
which meet these requirements should 
be employed just as often as they add 
information to or aid understanding 
of the text. All such illustrations 
should be submitted with the original 
-manuscript. 
For proper reproduction in publica- 
tion, clear glossy prints of photographs, 
posteard size or larger, and original 
drawings or legible photostats are re- 
quired. Negatives or slides should not 
he submitted unless the originals are 
absolutely unavailable, because they are 
difficult to process and do not usually 
produce satisfactory printed results. 
As line drawings can be restyled by 
the Association’s draftsman, it is not 
absolutely necessary that JOURNAL 
style be followed in their preparation. 
Conformance with that style, however, 
will effect economies in time and ex- 
pense and will eliminate the possibili- 
ties of error in redrawing. A\ll illustra- 
tive material can be returned to the 
author after publication of the article, 
if desired. 
‘ In selecting photographs to be used 
as illustrations, the author must take 
into consideration the fact that only 
those which present strong contrasts 
of light and dark will reproduce well 
and give the clarity of detail required. 
In preparing them for submittal, he 
_ should remember that photographs are 
fragile and that the reproduction proc- 
ess is a sensitive one. Marking of any 


_kind on the face of a photograph, typ- 


ing or writing on the back, the use 


of paper clips or staples, and bending 
or folding all have a direct, adverse 
upon the ultimate engraving. 

Thus it is necessary to exercise ex- 
treme care in handling. By limiting 
his markings to a figure number on the 
border of the photograph and by the 
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use of backing board in the transmitta 
envelope, the author can help to assur 
proper reproduction. 

In developing the drawings for illus 
trative purposes, the author will d 
well to consult first the related speci 
fications of the American Standard 
Association and other more generalize 
discussions of the subject.*-* In apply 
ing those suggestions specifically t 
JourRNAL illustrations, however, 
must consider two points: 

1. Full-page width is 4} in.; single 
column width is 2} in.; and full-pag 
depth is approximately 7 in. As origi 
nal drawings must be scaled to thes 
dimensions, it is important that the 
be prepared in proper proportion. I 
view of the fact that letter and gri 
weights must be kept approximately 
uniform throughout, the simplest sys 
tem for standardizing drawings is t 
scale them to twice reproduction size 
Reference to recent issues of the Jour 
NAL will illustrate the results obtaine 
by this method. In any event, repro- 
duction drawings should never be 
larger than three times the size of the 
published illustration. 

2. Only essential lettering should 
appear on a drawing. Explanatory 
notes, data, and supplementary infor- 
mation should be included in the per 
tinent text wherever possible, or, if 
that is not feasible, in a note below the 
figure title. 

All illustrations, regardless of type, 
should be numbered consecutively in 
the order in which they are referred to 
in the text. It is standard JouRNAL 
practice to refer to illustrations by the 
designations “Fig. 1” or “Fig. 2,” and 
to key each illustration to the pertinent 
portion of the text. 

Figure titles for all illustrations 
should be submitted with the original 
manuscript. These titles should be 
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typed (double spaced) on a separate 
sheet and should be developed accord- 
ng to the same specifications as given 
ibove for “Titles.” In addition, a brief 
statement (in sentence form) of the 
significance of the illustration is de- 
sirable. In the published article, this 
ippears as an italic note below the bold- 
ace figure title. 


Tables 

Tables are a device by which sta- 
tistics, specifications, and similar data 
can be presented most clearly, most 
‘oncisely, and most usefully. As such, 
hey are an important tool of the author 
ind should be employed whenever ap- 
propriate to the subject matter. When 
lata are presented in this form, how- 
ever, it should be remembered that the 
function of the pertinent text will be 
limited to their interpretation, not their 
repetition in another form. The use 
f a table is not justified if it cannot 
stand by itself, without a detailed item- 
yy-item explanation. 

Reference to recent issues of the 
JouRNAL will indicate the variety of 
methods in which tabular material can 
be handled. Common to all types, 
however, are the following points: 

1. The JourNAL page dimensions, 
riven in the above discussion of “Illus- 
trations,” must be taken into consid- 
eration in the planning of tabular col- 
umns and depths. 

2. All tables should be numbered 
consecutively in the order in which 
they are referred to in the text. 

3. Each table should be typed double 
spaced on a separate sheet, giving the 
table number and its title, developed 
according to the same specifications as 
given above for “Titles.” 

4. If six footnotes or fewer are used, 
they should be referred to by the fol- 
lowing sequence of symbols: *, 7, f, §, 
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||, #. If more than six footnotes are 
used, superscript letters (*) should be 
substituted for the symbols. Vere 

Footnotes 


Ordinarily, the text footnote is an 
unnecessary interruption of the reader’s 
train of thought and presents a makeup 
problem for the editor. As it is Jour- 
NAL practice to handle literature cita- 
tions by reference to a bibliography at 
the end of the article, at least 95 per 
cent of the need for footnotes is elimi- 
nated. Much of the other 5 per cent 
can be avoided by slight revisions of 
the text. In the few cases where a 
footnote is unavoidable, the author 
should observe the strictest rules of 
brevity consistent with the subject. 

Text footnotes should be typed dou- 
ble spaced on a separate sheet (follow- 
ing the page on which the footnoted 
item appears) and keyed to the text 
reference by a superscript symbol or 
letter. 7 


References 


All literature quoted, abstracted, or 
referred to in an author’s discussion 
of his subject should be cited by source 
in a separate bibliography keyed to the 
pertinent portion of the text by a super- 


script number. The literature thus 
cited should be listed in the order in 
which it is referred to in the text—not 
alphabetically by author. References 
to different articles (even if by the 
same author) should be given separate 
numbers—not grouped under one num- 
ber. Each reference should be com- 
plete (do not use “ibid.,” “loc. cit.,” 
or the like). Every reference should 
be keyed to the text (avoid citing bibli- 
ography not specifically related to a 
point covered in the text). 

The bibliography should be typed 
double spaced on a separate sheet, 
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/f the author has any doubts whatever concerning the form in which a particular refer- 
ence should be given, all facts that will help the reader to locate the literature cited 


should be included. i 
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STYLE MANUAL FOR 
labeled “References,” as shown on the 
sample manuscript sheet, Fig. 1. For 
the various types of references, the 
following data should be included: 

1. For books (Fig. 1, Ref. 1-4), give 
author’s name complete; title of book 
(underlined); publisher’s name and 
address; edition if other than first and 
year of publication (in parentheses) ; 
and specific page number, if any. 

2. For periodicals (Fig. 1, Ref. 
5-8), give author’s name complete; 
title of article; name of publication 
(underlined ) ; volume number; issue 
number, if each issue is paged sepa- 
rately (Fig. 1, Ref. 8); page number 
on which article begins; and year of 
publication (in parentheses). 

3. For reports (Fig. 1, Ref. 9-11), 
give author’s name complete, if in- 
cluded; section title, if any; title of 
give author’s name complete, if in- 
report (underlined) ; name and _loca- 
tion of issuing agency; year of publica- 
tion (in parentheses ) ; and specific page 
number, if any. 

These are the basic data required, 
but the author should remember that 
he cannot give too complete informa- 
tion concerning the sources of his ma- 
terial. Whatever facts will help the 
reader locate the literature cited should 
be included if there is any question 
concerning the form required for any 
specific document. 


Abbreviations and Symbols 


Abbreviations and symbols are short- 
cuts in writing which can save both the 
author and the reader time if used 
judiciously. For this reason, and be- 
cause they effect great savings in print- 
ing space, they should be used when- 
ever confusion will not result. Jour- 
NAL authors must remember, however, 
that not all interested readers will have 
an intimate knowledge of all fields 
on which the water supply industry 
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touches. What may be a common sym- 
bol to the hydraulic engineer may mean 
little or nothing to the treatment plant 
operator, although the latter may well — 
be interested in an article on water 
hammer. A most important rule is: | 
When in doubt, spell it out! 

To extend the use of abbreviations 
and symbols in technical writing, many 
organizations have established stand- | 
ards for their specific fields of interest.* 
From such sources, the editorial staff 
has developed its own list of standard — 
abbreviations for use in JOURNAL arti-_ 
cles (see Appendix B). Although not | 
intended to include all permissible ab- 
breviations, the list does cover the most 
common words and terms in general 
water supply usage. So far as it goes, 
it is to be considered the standard for 
JouRNAL authors. When additional 
abbreviations or symbols are used, the 
author should include the spelled-out 
words or terms in conjunction with 
their first occurrence in the manuscript. 


> 


Other Style Requirements 


The foregoing discussion of style 
requirements has been concerned with 
the major components of the JouRNAL 
article, primarily from the standpoint 
of mechanical specifications. There are 
other matters of style which are at least — 
of equal importance to the final product. 
Such considerations as sentence struc- 
ture, punctuation, word choice, and the 
general rules of composition cannot, of 
course, be discussed in this manual. 
Any good handbook of English will 
give detailed guidance in these matters. 
But a few key points of JourNAL style 
which involve basic publication policy 


‘merit emphasis here. 


Approach and Tone 


JourNat articles are intended pri 
marily to be technical expositions, pre- 
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senting information, data, and ideas of 
interest and value to the water supply 
field. To achieve the clarity, con- 
ciseness, completeness, and accuracy 
that characterize any good technical 
article, the author must bear in mind 
the fact that the average reader will 
be a general water utility man, not a 
high school student or a specialist in 
the particular subject under discussion. 
He will be interested in obtaining ac- 
curate information quickly, without 
wading through nonessential details. 
He will be seeking professional infor- 
mation, not a supply of anecdotes or 
after-dinner stories. He will be inter- 
ested in what was done, not in who 
did it. 

In keeping with these requirements, 
it is of prime importance that the au- 
thor employ an impersonal (third per- 
son) style throughout, crediting any 
contributions of associates or assistants 
in a formal acknowledgment at the end 
of the article. Likewise, it is impor- 
tant that he keep faith with the reader 
by sticking to the subject at hand to 
the exclusion of extraneous topics or 


convictions. 


Terminology 


Closely allied to the matter of tone 
in writing is that of terminology. The 
use of accurate, up-to-date terms is a 
hasic requisite for clarity. Current 
thinking rarely finds expression in ar- 
chaic terms. It is important, then, 
that the author familiarize himself with 
the latest concepts and terminology 
which relate to his subject before he 
presumes to inform his colleagues in 
the field concerning his own experi- 
ences or ideas. 

It is out of the question here to 
attempt any more detailed statement 
of JouRNAL terminology preferences 
than to indicate that the lead of Asso- 
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ciation committees is followed in the 
various fields in which they are active 
and that the generally accepted author 
itative manuals and handbooks, suct 
as Standard Methods" and Bergey’: 
Manual,® are used where they apply 
What should be emphasized, however 
is JOURNAL practice in the use of trade 
or product names. 

Every author should remember, it 
reporting experience and experiment 
that the description of equipment ot 
materials in basic technical terms wil 
give the reader much more precise anc 
definitive information than reference t« 
some more or less well known commer 
cial designation. Whereas the readet 
will either be schooled in the genera 
technical language of the field or have 
easy access to authoritative means tc 
interpret it, he may well be unaware 
of the peculiar properties of any par 
ticular commercial product. The fac 
that the JouRNAL audience is not only 
varied, but international, and the fact 
that readership is not only current 
but continuing, make it extremely im- 
portant that accurate and generally ac- 
cepted terminology be used through. 
out. Credits or reference to specific 
commercial products can then be made 
in footnote explanations, if such men- 
tion seems valuable or desirable. 


Spelling and Numerals 


The basic rule for good spelling is 
to consult Webster’s New Interna- 
tional Dictionary, which is the acceptec 
standard for JouRNAL usage. Where 
latitude is permitted, however, Jour. 
NAL practice has been to prefer the 
simpler forms. Thus, gage, sulfate 
and calking have been preferred t 
gauge, sulphate, and caulking; geologic 
and hydrologic to geological and hydro- 
logical; formulas and indexes, to for- 
mulae and indices. Such preferences 
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nay best be determined by reference 
o recent issues of the JouRNAL. 

Closely allied to the matter of proper 
spelling is the proper employment of 
numerals. Some basic rules are: 

1. Round numbers from one to 
twenty, when used in ordinary text, 
hould be spelled out; but when used 
n conjunction with other numbers or 
to designate specific quantities or units 
yf measure, they should be expressed 
in numerals. 

2. Numerals of four or more digits 
should be divided by commas—for ex- 
ample, “1,234” and “1,234,567.”’ 

3. Decimal values below 1.0 should 
include the before the decimal 
point—for example, “0.12.” 

4. Approximations should generally 
be expressed in words rather than in 
numerals—for example, “about a 
thousand.” 


zero 


The publication process is one that 


requires cooperation at every stage. - 


The efforts of the author, the editor, 
and the printer, and frequently the 
draftsman and engraver as well, must 
be coordinated to produce, in the time 
allotted by the publication schedule, an 
article that is readable, understand- 
able, and attractive in appearance. 
Although the editor assumes the re- 
sponsibility for achieving the overall 
coordination and timing, he cannot be 
successful unless the author fully un- 
derstands his part in the process, and, 
understanding it, properly fulfills his 
obligations. 

To acquaint JouRNAL authors with 
the procedures involved in the publica- 
tion of an article—from manuscript to 
JouRNAL page—there is presented be- 
low a brief discussion of the process, 
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Consistency 


The crux of all specifications for 
style is consistency—consistency 
outline, in phraseology, in terminology, | 
in presentation of data—internal con-— 
sistency from the smallest unit to the 
article as a whole. Nothing is more 
vital to the achievement of clarity of — 


expression than consistency of expres- 


sion. Nothing is more effective in 
focusing the reader’s attention on what. 
is meant rather than on what is said. 
Consistency and unity foster concen- 
tration and, through it, understanding. | 

Helpful in attaining consistency is 
the practice of soliciting outside criti- 
cism of the first drafts of a paper. But 
every author will do well to give his_ 
manuscript a final critical review be-— 
fore submitting it for publication, with 
a view toward eliminating the minor 
inconsistencies that invariably creep 
into any original piece of writing. 


step by step, in which the various 
rights and duties of the author are 
outlined. Not all the factors can be 
considered, but these are the basic 


considerations. 


— 


Manuscript Submittal 


The JourNat includes two types of 
articles: papers presented at Associ-. 
ation section meetings and general con- 
ferences and contributions by authori- 
ties in the field. Both have an equal 
claim to JourNAL space, based pri-— 
marily on the particular merits of the — ; 
manuscript submitted. Each has its 
own submittal requirements. 

Papers presented at AWWA meet- 
ings are primarily the property of the 
Association, so far as publication rights 
are concerned. The original manu- 
script, together with all illustrative 
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material, should be turned over to the 
officiating section or Association officer 
at the end of the particular session at 
which it was presented. If immediate 
release to that officer is for any reason 
impractical, arrangements should be 
made at that time for its early trans- 
mittal to AWWA headquarters. 
a Contributed articles should be for- 
warded directly to the JouRNAL editor, 
preferably in duplicate. With the orig- 
inal manuscript should be included a 
letter of transmittal and any authoriza- 
tion required by the author’s employer 
or by any organization having prior 
publication rights. 

All articles properly submitted are 
subjected to review as promptly as 
possible and either scheduled for publi- 
cation, returned for revision, or re- 
jected. Rejected contributions are re- 
turned immediately to the authors 
\'nless otherwise requested, however, 
rejected section or conference papers 

are held in the Association files for 


Editing 


Approximately 3 months before an 
article is scheduled to appear in the 
JourNAL, the original manuscript, to- 
gether with all the pertinent corre- 
spondence, is handed to the editor who 
must prepare it for publication. The 
editor’s job is threefold: he must re- 
view the manuscript for sense; he 
must review it for consistency of de- 
tail; and, finally, he must review it for 
typographic planning. Although these 
functions overlap considerably, they 
may best be considered separately. 

In reviewing for sense, the editor 
assumes the viewpoint of the informed 
_JouRNAL reader and endeavors to make 
~ such changes as will improve the or 
ganization, the clarity, the conciseness, 
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the completeness, and the accuracy of 
the discussion. It is at this stage, too 
that repetitious and extraneous mate 
rial is deleted. If illustrations are 
submitted with the manuscript, the edi 
tor determines what drawings or pho 
tographs will make a definite contribu 
tion to the clarity or interest of th 
article, the number chosen being sub 
ject, in part, to limitations of space 

In reviewing for consistency, the edi 
tor must ascertain that terminology 
abbreviations, symbols, reference data 
numerals, and similar details are con 
sistent within the article and are con 
sistent with JouRNAL standards wher 
they apply. He makes such change 
in detail as are dictated by JourNA 
style preferences and by accepte 
standards of good technical writing 


If drawings are to be used, the editor 


recasts the author’s originals to th 
extent required by JourNAL specifica 
tions and submits them to the drafts 
man for redrawing and lettering. 

In reviewing for typographic plan 
ning, he marks in all typesetting in 
structions required by the printer, de 
termines the style of subheads, recast 
tabular material as required, and esti 
mates the number of JourRNAL page 
the article will fill. 

If a paper is well written and if th 


manuscript has been properly prepared, 


the editor’s job is an easy one, and the 
author wil! find relatively few mark 
ings on the manuscript heyond the 
necessary typographic _ instructions 
The well prepared manuscript als 
gives the editor additional opportunit 
and incentive to consider the finer 
points of styling in his general review 


Proofreading 


In 1—3 weeks after he has been ad 
vised of the scheduled publication « 
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his paper, the author receives galley 
proofs of the article, together with his 
original manuscript. It is at this point 
that his cooperation is of maximum 
mportance. The close production 
schedule on which each issue of the 
JOURNAL must be assembled makes it 
mperative that proofs be checked and 
returned within 48 hr of receipt. The 
fundamental importance of accuracy 
makes it imperative that proofs be 
checked carefully and thoroughly. To 
satisfy both these requirements, it is 
necessary that the author plan to de- 
vote a considerable amount of time to 
the task out of his immediate schedule. 
If time does not permit a prompt check, 
the author should immediately notify 
the editor of that fact to permit revi- 
sion of publication plans, rather than 
hazard a slipshod job. Accuracy is 
ilmost always more important than 
‘arly publication. 

Although the editor, too, will read 
the proofs through from beginning to 
end, this fact should not lessen the au- 
thor’s diligence, especially in the de- 
tailed checking of facts and figures, 
which must remain the author’s 
responsibility. 

A proper proofreading for accuracy 
of detail must include the following: 

1. A check of all factual material— 
tables, design data, production figures, 
dates, names, and references—against 
the original manuscript. 

2. A check of, and reply to, all edi- 
tor’s queries (written in red in the 
manuscript margin). 

3. A check of all cross references— 
to bibliography, tables, and illustrations 
—to ascertain correspondence. (It 
should be pointed out here that illus- 
tration references will usually have to 
be checked by title only, as the produc- 
tion schedule rarely permits forward- 
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ing of illustration proofs at the same 
time as galley proofs. Photostats of 
redrafted illustrations are mailed to the 
author, along with captions, as soon as 
they are ready, but the author should 
not delay in returning galley proofs 
until illustration proofs are received.) 

In making the above checks, the 
author must bear in mind that, al- 
though both are perfectionists, neither 
the editor nor the typesetter professes 
to be perfect. The best typesetter can 
press the wrong key, particularly if he 
is dealing with a poorly prepared 
manuscript. The best editor can make 
the wrong interpretation, particularly 
if the subject matter is unfamiliar to 
him. It is the author who must pro- 
tect the original accuracy of his paper. 

In checking editorial changes, the 
author must consider, too, the editor’s 
purpose in making the change. Where 
style enters in, JouRNAL preference 
may dictate a change despite the fact 
that the original statement is in itself 
correct. Where material has been de- 
leted, it may be because it is repeti 
tious of some other JourRNAL article. 
Where meaning is confused by a 
change, it may well be because the 
original statement was not clear. 
Nothing is accomplished by an author’s 
arbitrary insistence that his original 
form be restored ; editorial changes are 
sometimes incorrect, but they are never 
pointless. Cooperation and compro- 
mise are the keys to an improved 
presentation. 


Reprints 


Although every author receives a 
minimum of ten free offprints of his 
published article, as well as two free 
copies of the JourNAL in which it ap- 
pears, many authors are interested in 
obtaining additional copies of their arti- 
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cles for various personal or business 
purposes. Because production of re- 
prints is most economical when handled 
in conjunction with the printing of the 
JouRNAL, it is important that orders 
be placed before the JouRNAL goes to 
press. To give authors an opportunity 
to take advantage of these low-cost re- 
"prints, an order form is enclosed with 

each set of galley proofs. 

It should be pointed out that all 
material printed in the JouRNAL is 
copyrighted by the Association and 
may not be reproduced without its per- 
mission. Such permission is usually 
eranted for reproduction in recognized 
periodicals, but the Association does 


not permit reprinting of articles as 
“separates” except under its own aus- 
pices. The Association’s policy on 


| quotations and reprinting is set forth in 
detail in a leaflet available on request. 


Makeup and Printing 


Once the author has returned his 


a galley proofs (and, if there 
re drawings, illustration proofs), his 
mae in the publication process is com- 
pleted and he can expect to see his 
article in an early issue. Occasionally, 
however, problems of makeup require 
changes on which he must be consulted, 
and by the quickest availabie means 
of communication. Often, last-minute 
production problems necessitate 
arrangement of schedules and conse- 
~ nt postponement of some articles. 
Ilways, the task of making up, print- 
ing, folding, collating, sewing, covering 
and mailing the JourNAL takes much 
more time than the average author 
expects. 
If every author is aware of these 
factors and is aware, too, of the active 
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role he must play in the publication 
process as a whole, both the proce- 
dures and results of publication will 
benefit. Insofar as the author under- 
stands the editor’s problems in trans 
forming the typewritten manuscript 
into the printed article, they become 
mutual problems, open to cooperative 
solution. 
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All of the considerations involved in 
the development of a good JouRNAL 
article hold true also for the prepara- 
tion of a good speech, but in a number 
of instances the emphasis changes. 
This is particularly true where the fac- 
tors of timing and illustration are con- 
cerned. Clearness and conciseness in 
speaking outweigh all the other re- 
juirements of proper presentation. 
And added to the basic rules of good 
writing must be three fundamentals of 
*ffective speaking : 

Stand up! An audience pays more 
ittention to a visible source of speech. 

Speak up! An audience is assem- 
Jed to obtain information on an an- 
1ounced subject. It will be attentive 
is long as fresh information is forth- 
‘oming in clear, hearable language. 

Shut up! A speech is over when its 
point has been made. Garrulousness 
and garnish merely serve to bury or 
confuse the issue. 

The rules of good speaking should 
be self-evident to anyone who has been 
1 member of an audience, but certain 
rules of timing and illustration merit 
discussion in this context. 

Timing 

Listener interest, however avid, has 
a limited endurance; it cannot com- 
pete in stamina with reader interest. 
Thus, it is important in speaking to 
get to the point early, to discuss the 
point clearly and concisely, and then 
to stop. If the subject is technical, 
requiring length for completeness or 
extensive detail for thoroughness, it 
is best to discuss only overall methods, 
results, interpretations, and conclusions 
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in the oral presentation and to submit 
a separate full report for publication. 

Listener interest is also limited by 
the ability of the audience to keep pace 
with the speaker. Thus, rate of speech, 
as well as length of speech, has an 
important bearing not only on atten- 
tiveness but on the capacity for 
assimilation. 

Studies of audience reaction have 
indicated that a reading or speaking 
rate of approximately 120 words per 
minute is most effective in retaining 
listener interest. Similarly, it has been 
found that the average audience satu- 
ration point is reached in 20 min. On 
this basis, then, it can be assumed that, 
to be most effective, a speech should 
be limited to ten or fewer double-spaced 
manuscript pages of text and should 
be read at the rate of about 2 min per 
page. 

The final consideration in timing is 
courtesy—to those who arranged the 
program, to the audience, and to the 
other speakers. It is patently incon- 
siderate and uncooperative to ignore 
the program schedule. Not only does 
it reflect on the judgment of those who 
determined the amount of time which 
the subject merited, but it deprives” 
other speakers of their allotted time. 
Similarly it is discourteous to place 
less value on the time or acuteness of 
the audience than did the program 
committee in scheduling the presenta- 
tion. And it must always be remem- 
bered that an audience once driven to 
exhaustion or boredom will be difficult 
for other speakers to rouse, regardless 
of the intensity of its basic interest in 
the subject discussed. 
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id 
a Illustration 


As lantern slides are the only really 
practicable method of illustrating an 
oral presentation of most water supply 
subjects, it is important that speakers 

familiarize themselves with their vari- 
ous characteristics and limitations be- 
fore contemplating their use. And, in 
doing so, perhaps the wisest approach 
will be a negative one. 

Good lantern slides are difficult to 
prepare and difficult to use effectively. 
Unless they make their point imme- 
diately apparent, they merely distract 
and detract from the presentation. 
The confusion which usually attends 
their projection interrupts the speak- 
er’s delivery. The darkness required 
for their showing is conducive to sleep 
on the part of the audience and to eye 
strain or stumbling on the part of the 
speaker. And the entire process, un- 
less rehearsed to perfection, involves a 
deplorable waste of valuable time. 

If, despite these drawbracks, the 
speaker feels that his subject requires 
graphical presentation, he should by all 
means limit the number of illustrations 
used, ascertain both their pertinence 
and their clarity, and then have the 
slides prepared professionally. And in 
developing the illustrative material, he 
should also consider these factors : 

1. Only such illustrations should be 
used as add to the presentation by de- 
noting graphically concepts or data dif- 
ficult of verbal description. Photo- 
graphs or simple drawings showing 
space relationships make the best illus- 
rations. Graphs presenting compli- 
cated technical data requiring 
elaborate expianations merely serve to 
confuse the listener. Tabular material 
makes the audience read when it should 
be listening. 

2. Original charts and photographs 
must be planned and developed to the 
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dimensions of a standard-size slide, 
and all should be made to fit a single 
slide size. The two standard sizes 
used are 34 X4 in., with a picture area 
of about 24 x3 in., and 2X2 in., which 
takes 35-mm film. Both types of pro 
jectors are usually available, but the 
speaker should check carefully with 
the program committee before going 
ahead with his plans. Then he should 
plan his illustrations to fit one type of 
equipment to avoid the added confusion 
attending the use of two machines 
Original material is usually prepared 
to three times the size of the slide, but 
considerations too numerous to discuss 
here affect this relationship. Before 
going ahead, the speaker should consult 
either a good set of specifications on the 
subject, such as those listed in Ret 
9-11 of the foregoing manual, or dis 
cuss the requirements with the photo 
graphic shop that will make the slides 

3. When the slides have been deliv- 
ered, they should be checked carefully 
against the original material, numbered 
and labeled clearly, and keyed to th 
speech. 

4. Before the presentation is sched 
uled, the author should arrange t 
discuss the projection schedule witl 
the operator assigned. Only if th 
operator has been given detailed 
structions can he be expected to co 
operate in making the presentatior 


successful 
The Speech and the Article 


As has been suggested, the inheren 
differences between the listening anc 
the reading audiences make it desirable 
for the author to use a slightly differ 
ent approach in presenting his subjec 
to each. Most often this can be ac- 
complished by a judicious pruning o1 
rearrangement of the finished publica 


tion manuscript for the oral presenta 
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Finally, it should be pointed out that — 
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tion. It is often difficult to do this ex- 
temporaneously, but it will require no 
great effort to prepare a reading copy 
by the use of a pair of scissors and 
some paste. In adapting the occasional 
detailed technical manuscript which 
does not lend itself to such treatment, 
the author will do well to prepare a 
separate, simplified discussion for pres- 
entation before an audience. 

If illustrations are used in the oral 
presentation, the author must remem- 
ber that the requirements for lantern 
slides and those for JoURNAL engrav- 
ings also vary. Whereas the listener 
can only look at it, the reader can study 
an illustration, so that much more use 
can be made of the graphical technique 
in the article than in the speech 
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the publication manuscript can both 


gain and lose by its close association 
with the speech. If the manuscript 


can be infused with certain of the ele-— 


ments of simplicity and 
should be present in the oral pres- 
entation, the published 


brevity that 


article will 


undoubtedly gain in clarity and reada-— 


bility. On the other hand, if the 
manuscript is cluttered with the infor- 
malities and allusions of the personal 
approach required in the speech, the 
article cannot but lose in both clarity 
and tone. The distinction between 
author and speaker is a fine one, but 
an important one to make if both aos 
cle and speech are to be of equal 
quality. 
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acre-foot 
alternating-current (adj.) 
ampere (s) 
ampere-hour (s) 
atomic weight 
avoirdupois 
barrel (s) 
billion electron volt(s) 
billion gallons 
billion gallons per day 
biochemical oxygen demand 
board feet (feet board measure) 
brake horsepower 
British thermal unit(s) 
bushel (s) 
centigram (s) 
centiliter (s) 
centimeter (s) 
chemically pure 
counts per minute 
cubic 
cubic centimeter (s) 
cubic feet per minute 
cubic feet per second 
cubic foot (feet) 
cubic inch(es) 
cubic meter (s) 
cubic micron(s) 


cu mm 
cu 


cubic millimeter (s) 
cubic yard(s) 
curie(s) 
deciliter (s) 
decimeter (s) 
degree (s) 
degree(s) Centigrade 
degree(s) Fahrenheit 
direct-current (adj.) 
dissolved oxygen 
dram(s) 
electromotive force 
elevation 
Equation 
ethylenediaminetetraacetate 
feet 
feet board measure (board feet) 
feet per hour 
feet per minute 
Figure (s) 
foot 
foot-pound(s) 
free on board 
gallon(s) 
gallon(s) (Imperial) 

gallon(s) per capita per day 


gallon(s) per day 
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gallon(s) per hour 
gallon(s) per minute 
gallon(s) per second ..... 
grain(s) per gallon 
gram(s) 

horsepower 
horsepower-hour (s) 
hour (s) 
hundredweight 
inch(es) 
inch-pound (s ) 
inch(es) per minute 
inch(es) per second 
iidicated horsepower 
inside diameter 
kilocurie(s) 
kilocycle (s) 

kilogram (s) 


to ppm) 


kilowatt (s) 
kilowatt-hour (s) 
linear foot 


logarithm (common) 
logarithm (natural) 
man-hour (s) 
maximum permissible concentration .. 


man-hr 

MPC 
m 
mho 

microampere(s) 

microinch (es ) 

micromicron (s) 

micromho(s) 

micron(s) 

microvolt(s) 

microwatt (s) 

mile(s) 

mile(s) per hour 

milliampere (s) 

millicurie (s) 

milliequivalent (s ) 

milligram (s) 

milliliter (s) 

millimeter (s) 

millimicron (s ) 
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million electron volt 

million gallons .. 

million gallons per day 
millivolt (s) 

minute (s) 

molar (concentration ) 

molecular weight mol wt 
most probable number .............. MPN 
nanocurie(s) (10°° curie) 

normal (concentration) 

Number (s) 

ounce (s) 

ounce-foot (feet) 

ounce-inch (es ) 

outside diameter 

part(s) per billion 

part(s) per million 

picocurie(s) curie) 
pound(s) 

pound(s) per square foot 
pound(s) per square inch 
pound(s) per square inch absolute 
pound(s) per square inch gage 
quart(s) 

revolution(s) per minute 
revolution(s) per second 
roentgen equivalent(s) man 
second(s) 

second feet (cubic feet per second) 
specific gravity 

specific heat 


square centimeter (s) 

square foot (feet) 

square inch(es) 

square kilometer (s) 

square meter (s) 

square micron(s) 

square millimeter(s) ............... sq mn 
United States Pharmacopoeia 
volt (s) 

volt-ampere (s) 

watt (s) 

watt-hour (s ) 

week (s) 

yard(s) 

year(s) 
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Notes and Comment 


Delhi Hepatitis Epidemic 


be 
iA, intake was therefore resorted to and — 
continued each dry season until the 


W. J. Berry 


Civ. Engr., Fullarton, South Australia, 


Australia, 


As I held the post of superintending 
engineer, Health Services, Delhi Prov- 
ince, and therefore ex officio engineer 
to the Delhi Joint Water and Sewage 
Board, as well as secretary, from 
March 1943 to October 1947, I was 
very interested in the paper by Joseph 
M. Dennis entitled “1955-56 Infectious 
Hepatitis Epidemic in Delhi, India,” 
published in the October 1959 issue 
(p. 1288). There are, however, sev- 
eral important discrepancies in the 
paper which require consideration in 
order to give a correct picture of the 
whole occurrence. 

The Wazirabad intake was estab- 
lished about 1911 by the Public Works 
Department of the Government of In- 
dia and little is known of its operation 
prior to the formation of the Delhi 
Joint Water and Sewage Board in 
1926, except that the intake rate was 
5,000 gpm. The sills of the original 
intake on the right bank were fixed 
at river level 660.0, only 6 in. above 
the river bed, and considerable trouble 
was experienced with intake of sand 
when the river was only 18-24 in. deep 
during the dry season. The sills were 
therefore raised first by 9 in. and subse- 
quently by a further 9 in., but because 


new intake was brought into operation 
in 1946 when the rate of intake had 
become 25,000 gpm. 

The bunds were a continual source 
of worry and expense, as they were 
easily damaged by increased flow down © 
the river, resulting from temporary 


canal closures, which took place with | 
Such damage 


little or no warning. 
had to be repaired quickly to avoid — 
reduction in the pumping rate. Mate-_ 


rials had to be kept in readiness and — 


a large labor force made available at 
short notice. Moreover, the openings 
in the bunds had to be contracted from 
time to time to compensate for the re- 
duction in flow as the dry season 
progressed. 

With the accelerated demand for 
water, which resulted from war condi- 


tions, it was evident that the existing — 
intake would soon be too small to meet — 


the demand. As the cost of the bunds, 
with maintenance from December to 


July, amounted to Rs 50,000 ($10,500) 7 


per annum, a new intake was designed b s 


to take in sand-free water at 25,000 


gpm with a river level at 661.5. The 
existing intake was left for subsequent — 


remodeling to handle 15,000 gpm at 
that level. 


In 1943, the southern end of the 
sand bank was still upstream of the 


intake but was gradually extending 7 


southward, and as the greater part of | 
the dry-weather flow passed on the far 


the river level falls to 662.5, or lower 
in a very dry year, the head of water 
over the raised sills set a very definite 


limit to the rate of intake. That limit 
was reached in 1932. The construction 
of temporary bunds [dikes] of sand- 
bags to hold up the water level at the 


side of it, shoaling in front of the intake 


commenced at a somewhat alarming 
rate in 1944. Small training banks 
were therefore constructed across the 
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channel at the upstream end of the 
sand bank before the onset of the rains, 
in order to induce scour in the channel 
along the right bank of the river as 
the water level rose. This gave such 
very successful results that it was re- 
peated on a smaller scale the following 
year, with the result that the dry- 
weather channel was brought to the 
right bank of the river and held there 
during 1946 and 1947 without further 
training. The other was silted up. 

It can thus be seen that the real cause 
of the epidemic at Delhi was the loss 
of control of the river. The excavation 
of a channel as shown in the illustration 
on the cover of the October 1959 Jour- 
NAL, would not only be useless but 
would be distinctly dangerous, for dur- 
ing the following monsoon, flood cur- 
rents directed at the river bank would 
cause heavy damage by scour. 

Had proper control of the river been 


maintained it would not have been pos- 
sible for sewage from the Najafgarh 
Nallah, 700 ft downstream, to gain ac- 


cess to the water in 1955. Thus it is 
hardly fair to blame the filter plant for 
not doing a job for which it was not 
designed. In regard to scouring of the 
filters with compressed air, no precau- 
tions beyond slow initial opening of the 
valves were necessary. Once the air 
had spread evenly over the bed, the 
valves were opened fully. Air has been 
used since 1911 without any evident 
damage to any filter. 

As regards the chlorination equip- 
ment, no mention has been made of 
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the auxiliary chlorinating apparatus 
located at the inlets to the principal 
service reservoirs when I handed over 
charge in October 1947, although it is 
probably still in existence. 

In the period of which I write, close 
liaison was maintained with the Public 
Health Laboratory, and regular reports 
were received from them on the bacteri- 
ological quality of the water. Nor- 
mally there was an absence of lactose 
fermenters in 100 ml, but on the rare 
occasion when the MPN was 1 or 2, 
the result was sent to me at once and 
immediate inquiries were made and 
the necessary action was taken. 

The dysentery figures quoted in 
Table 2 could be very misleading, as 
no distinction has been made between 
bacillary and amebic types of dysen- 
tery. The former was very prevalent 
in Delhi and probably still is, being 
largely due to other causes. 

Unless appreciable alterations have 
been made since my day, there is no 
sewage entering the river between the 
Najafgarh Nallah and the Okhla Bar- 
rage, although several storm water 
drains discharge to the river during 
the monsoon. 

The effluent from the large sewage 
treatment plant at Okhla is principally 
used for irrigation purposes, and any 
discharge to the river takes place below 
the Okhla Barrage so it is not evident 
how the Okhla water treatment plant 
could have treated water containing 
abnormally high concentrations of in- 
fectious hepatitis virus. 
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taste and odor problems got you down? _ 


— get back on your feet 
with 


AQUA NUCHAR 


TASTE AND ODOR CONTROL 


_ Over and over, AQUA NUCHAR proves that 
nothing surpasses the effectiveness of acti- 
_ vated carbon for eliminating taste-and-odor- 

forming substances. 
_ Every gram of AQUA NUCHAR contains 120 
billion particles of activated carbon with a 
_ surface area of 800 square yards. More sur- 
face... more adsorption .. . higher efficiency! 
Greater economy, too, because of the low 
concentrations of AQUA NUCHAR required 

(as little as 2-5 ppm average). 


_ More than 1200 water plants have found that 
AQUA NUCHAR, properly applied, is the 
only method universally effective against all 
causes of taste and odor. 


So when taste and odor problems get you 
down, phone or write us. Our field technical 
service staff is ready to help you set up a 
PALATABILITY program in your plant. 
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Being modern is the continuous process of going out-of-date tomorrow. Look at the 
record of Trident design improvements and you'll find this statement is just as true of 
water meters as it is of automobiles... with one exception. @ With Trident meters, 
your department is probably the only service in your community equipped with built-in 
modernization ...a process which eliminates the high cost of obsolescence, HM Here’s 
how it works. M Every time you replace work-worn parts in a Trident disc meter, you 
automatically use modern parts identical to those in the latest model . . . parts embody- 
ing every thoroughly tested advancement known to the science of metering. @ A/l of 
the many design improvements now on our drawing boards continue this long standing 
Neptune policy. 4 
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NEPTUNE METER COMPANY @ LIQUID METER DIVISION 
19 W. 50th Street, New York 20 / Neptune Meters, Ltd.,1430 Lakeshore Rd., Toronto 14, Ont. / Offices in Principal Citie 


i : . 
4 
2 
| 
: 
4 
. 
4 
‘ 
° 


Bal Harbour, which for us isn’t, for 
you will have been, but we can join 
you in saying that it certainly was the 
best of all 80 of AWWA’s Conferences 
to date. Most of the details will have 
to wait until not the next issue, but the 
one after, but we won’t hold back in 
reporting that these are the officers and 
directors who took over on Thursday 
evening, May 19: ~~ 


President—C. F. Wertz, director, 
Dept. of Water & Sewers, Miami, Fla. 
Born in Reading, Pa., in 1898, he re- 
ceived a B.S. in sanitary engineering 
from Pennsylvania State College in 
1920, after which he began his pro- 
fessional career as assistant engineer 


with the State Board of Health. From 
1926 to 1941 he held assignments with 
various engineering firms in New 
York, Pennsylvania, and Ohio. In 
1941 the firm of Day & Zimmermann, 
Inc., of Philadelphia, sent him to 
Miami ona property management as- 
signment for the city’s Dept. of Water 
& Sewers. He served in that capacity 
until 1955, when he obtained his pres- 
ent position as department director. 
He is a registered professional engi- 
neer in Pennsylvania and Florida. 

A Life Member of AWWA (joined 
in 1924), he served the Florida Section 


as vice-chairman (1946), chairman 
(1947), and national director (1951-— 
54). The section nominated him for 
the Fuller Award in 1947. He has 
been a member of the Water Works 
Practice Committee, the Committee on 
Joint Administration of Water and 
Sewer Facilities, and the Committee 
on Procedure for Disinfecting Water 
Mains. He was chairman of the Con- 
vention Management Committee both 
in 1951 and 1960. He was AWWA 
vice-president in 1959-60. 

Other technical societies to which he 
belongs are ASCE, WPCF, Florida 
Sewage Works Assn., Pennsylvania 
Sewage & Industrial Wastes Assn., 
and Pennsylvania Water Works Op- 
erators Assn. 


Vice-President—John W. Cramer, 
senior partner, Fulton & Cramer, Lin- 
coln, Neb. Born in North Platte, 
Neb., in 1914, he received a B.S. in 
civil engineering from the University 
of Nebraska in 1940. From 1940 to 
1945 he had engineering assignments 
with several companies in California 
and Nebraska. He became a partner 
of Fulton & Cramer in 1945 and senior 
partner in 1959. He is a registered 
professional engineer in five states. 

A member of AWWA since 1948, 
he has served the Nebraska Section as 
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INFILCO Representatives to server 


PHONE 

THE ONE 
NEAREST 
YOU FOR 
INFORMATION 


regarding water, sewage and 
waste treatment, whether for a 
new installation, or for modern- 
ization and expansion of an 
existing plant. 


You will benefit by using the 
facilities of an organization 
with more than 60 years of 
experience. 


Specialists in each type of 
treatment together with the 
services of anextensive research 
and development department 
are ready to serve you and your 
Consulting Engineer. Use them 
to obtain PLUS values—supe- 
rior performance and savings 
in installation and operation 


INFILCO INC. 
General Offices 
Tucson, Arizona 


BILLINGS 
AL 2.394) 


HOLLYWooD 
OL 4-4553 


LOS ANGELES ALBUQUERQUE 
HO 4.9281 ONE: 2.7863 
AN 1-0281 


INFILCO offers a complete line 
of proven equipment for: 


Clarification Aeration 
Softening Flotation 
Filtration Comminution 
lon Exchange Biological Treatment 
Atomized Drying and Incineration 
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you. ..and your Consulting Engineer! 


HOPKINS 
WE 5-3881 


WE 8-6916 — 
MILWAUKEE 


cu 3-1016 


WHEATON 


mo 8-8010 


BATON ROUGE @x 
013-9613 
HOUSTON 
HO 5-962 
IN CANADA 
CALGARY — CH 4-0771 
EDMONTON—GA 4-4191 
— WH 3-3531 
JOHN — PHONE: 3-2541 
TORONTO — BA 5-1526 
MONTREAL — HU 8-6911 


PHONE: 5-0363 
WASHVILLE 
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peTROIT 


BATTLE CREEK 
wo 4-2306 


| CHAGRIN FALLS 
cw 17-8544 
cINCINNAT! 


WE 1-288 
TR 1-2288 


pirTsBuRch 
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LouIsvitLe 
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17-3878 


KNOXVILLE @ 


* 


SMYRNA 


TR 9-1761 
po 6-3209 


WINTER PARK 
4-9974 
* 


IN MEXICO 


GUADALAJARA — 
Apartado Postal 469 


MEXICO CITY 4— 
PHONE: 46-22-66 


NOGALES (ARIZONA) — 
PHONE: 875 
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Treas. 


V. P.—Cramer 


secretary (1948-51) and national di- 
rector (1951-53). The section nomi- 
nated him to receive the Fuller Award 
in 1954. He has been active in the 
Water Resources Division, as trustee 
(1954-56), secretary-treasurer (1956- 
57), vice-chairman (1957-58), and 
chairman (1958-59). He has also 
been a member of the Committee on 
Highway Relocation Costs. 

Other professional affiliations include 
ASCE, ASME, National Society of 
Professional Engineers, and Nebraska 
Engineering Society (past-president). 


Treasurer—William J. Orchard, 
consultant, Wallace & Tiernan Inc., 
Belleville, N.J. Born in Boston, 
Mass., in 1888, he was graduated from 
Massachusetts Institute of Technology 
in 1911 with a degree in sanitary engi- 
neering. He served with the Massa- 
chusetts Board of Health and the Met- 
ropolitan Water Commission, and also 
held the post of assistant sanitary engi- 
neer with the New Jersey Health 
Dept. In 1915 he entered the employ 
of the Wallace & Tiernan organiza- 
tion. During World War I he orig- 
inated and developed mobile water 
purification equipment for the US 
Army. He rose to the position of 
general manager of Wallace & Tier 
nan, retiring in 1954 but continuing 
as consultant to the company. 


An Honorary Member of AWWA 
(joined in 1917), he received the 
Diven Medal in 1954 and the Jordan 
Achievement Award in 1956. <A di- 
rector for many years, he has served 
as chairman of the Convention. Man- 
agement Committee and as a member 
ot the Executive Committee and the 
General Policy Committee. He was 
chairman of the Finance Committee 
from 1951 to 1957, when he was elected 
treasurer. Other organizations to 
which he belongs include WSWMA 
(past president), NEWWA, WPCF, 
and APHA., 


SECTION DIRECTORS 


California—H. Cristopher Med- 
bery, engineer of design and water 
production, San Francisco Water Dept. 
Born in Lebanon, S.D., in 1909, he 
received his B.S. in civil engineering 
from the University of California in 
1936. He joined the department’s 
purification division in 1936, became 
engineer of water purification in 1943, 
and attained his present position in 
1954. 

A member of AWWA since 1936, 
he served the California Section as sec- 
retary-treasurer (1948-49), vice-chair- 
man (1953), and chairman (1954). 


He was chairman of the Association’s 


Chesapeake— 
Werner 


California— 
Medbery 
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When the job engineer has completed his 
calculations he wants to be certain that the 
pump he buys will deliver the volume of 
liquid at the rate of flow needed to ac- 
complish the job. FloWay designers are 
old hands at meeting critical requirements, 
not only in pumping capacity but also in 
type of construction to handle successfully 
the specific fluid whether it is hot or cold, 
corrosive or non-corrosive, volatile or non- 
volatile. FloWay serves industry in all its 
pumping needs. Send for Bulletin No. 14. 


PU MPS Fiese & — Mfg., 


2494 Railroad Ave Fresno, Calif. 


Contact your FloWay distributor 


Oakland, California 
Pacific Pumping Company 


San Francisco, California 
Woodin & Little 


Denver, Colorado 
Harry J. Glass & Associates 


Oakland Park, Florida 
Peninsular Armature Works 


Metarie, Louisiana 
A. G. Kirkwood Co 


Baltimore, Maryland 
R. Thum & Company 
Buffalo, New York 
Ralph Simmons & Company 
New York, New York 
Frank A. Kristal 
Cleveland, Ohio 
W. J. Bryson Company 
Tulsa, Oklahoma 
The Kase Company 
Portland, Oregon 
Pacific Pumping Company 


Ardmore, Pennsylvania 


Weinman Pump Manufacturing Co 


Pittsburgh, Pennsylvania 
Weinman Pump & Supply Co. 


Dallas, Texas 
Livingston Machinery Co. 


Houston, Texas 


Pump & Power Engineering Co. 


Seattle, Washington 
Pacific Pumping Company 


VERTICAL TURBINE PUMP 
/* 
.! 
> 
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Connecticut— Cuban— 
Bell Plana Astienza 


ater Purification Division in 1955. 

He is a member of ASCE and a regis- 

tered professional engineer in Cali- 


fornia. 


Chesapeake—Bernard L. Werner, 
director of public works at Baltimore. 
Born in Baltimore in 1902, he attended 
Carnegie Institute of Technology and 
Johns Hopkins University. He joined 
the city’s Bureau of Water Supply in 
1925 as assistant civil engineer and 
served on several important city con 
struction projects. He was appointed 
assistant chief of the Bureau of Water 
Supply in 1951, chief in 1955, and to 
his present position in 1959. 

An AWWA member since 1942, he 
has served the Chesapeake Section as 
chairman. He has also been president 
of the Maryland Section of ASCE 


Connecticut—E. Arthur Bell, gen- 
eral manager and chief engineer, Stam- 
ford (Conn.) Water Co. Born in 
1906, he received his B.S. from Rutgers 
University in 1928. He then became 
an assistant engineer with the consult- 
ing firm of Clyde Potts in New York 
City. In 1937 he became engineer anc 
water superintendent for the borough 
of Essex Falls, N.J. He assumed his 
present position in 1955. 


(Continued on 


A member of AWWA since 1937, 
he was nominated by the New Jersey 
Section to receive the Fuller Award 
in 1955. 


Cuban—Luis Plana Astienza, en- 
gineer in charge of design for the Na- 
tional Aqueduct and Sewerage Com- 
mission, Havana. Born in Cienfuegos, 
Cuba, in 1928, he obtained his degree 
in civil engineering from Havana Uni- 
versity in 1952. Before obtaining his 
present position, he had several engi- 
neering assignments, including those 
with InterAmerican Geodetic Service, 
oil refinery construction projects, and 
Cuba Nitro. 

A member of AWWA since 1956, 
he was chairman of the Cuban Section 


in 1959, 


Florida—John R. Kelly, director 
of public utilities, Gainesville, Fla. 
3orn in Mayo, Fla., in 1909, he at- 
tended the University of Florida and 
began his affiliation with the city of 


Gainesville as oiler in the municipal 


power plant. After promotions to fire- 
man, operator, and assistant superin- 
tendent, he became superintendent of 
the plant in 1946. In 1950 he was 
appointed as director of public utilities. 

A member of the Association since 
1947, he was chairman of the Florida 
Section in 1956-57. He is also past- 


Fla.—Kelly Ill.—Frye 
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CALGON KEEPS 
FLOW RATES CONSTANT 
AFTER MAIN CLEANING 


in 4-Year Portland Water District ' Test 


Water main before cleaning 
Note heavy tuberculation. 


Part of the Portland, Maine, Water 
District System supplies Sebago Lake 
water to Gorham Village. An 11,000- 
foot, 8-inch main was the main feed 
between a booster station and a stand- 
pipe at the far end. This main had not 
been cleaned for 20 years, and it was 
found that the flow coefficient “C” had 
dropped to between 50 and 56 due to 
massive tuberculation. 

Replacement or reinforcement of this 
main would be expensive, so it was de- 
cided to try cleaning a 4,000-foot sec- 
tion of the main, and use this as a test 
section to determine the effectiveness 
of chemical treatment to retard corro 
sion. Calgon® and Calgon® Composition 
TG were chosen for this test. 


DIVISION OF HAGAN CHEMICALS & CONTROLS 


Water main 4 years after cleaning 
with continued Calgon treatment. 


HERE ARE THE RESULTS: 
Pipe line coefficient, raised from 56 to 
120 by cleaning, has remained at this 
level for four years with Calgon and 
Composition TG treatment. 

No red water complaints. 

Labor and chemical costs, in relation 
to replacement or reinforcement of the 
main, have been minor. 

A complete description of this care- 
fully controlled test, with prescribed 
dosages and methods, is available—ask 
for Reprint No. 420-12-6. For informa- 
tion on how Calgon chemicals and Cal- 
gon know-how can help you, contact: 


CALGON company 


HAGAN CENTER, PITTSBURGH 30, PA 


INC 
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Intermountain— 


‘Montana— 
Wilson 


Wiel 


president of Florida “Municipal Utili- 
ties Assn. 


Illinois—Horace R. Frye, superin- 

tendent, Water & Sewer Dept., Evans- 
ton, ll. Born in Chicago in 1904, he 
attended Crane College, Northwestern 
University, and the University of Tlli- 
nois. Employed by the city of Evans- 
ton in 1928 as water chemist, he be- 
came assistant superintendent in 1938 
and superintendent of water in 1942. 
He assumed his present position in 
1954. 

A member of AWWA since 1934, 
he served the Illinois Section as chair 
man in 1948 and was nominated to re 
ceive the Fuller Award in 1957. 


Intermountain—Charles W. Wil- 
son, superintendent, Salt Lake City 
(Utah) Dept. of Water Supply & Wa- 
ter Works. Born in Salt Lake City 
in 1909, he graduated from the Uni- 
versity of Utah in 1931 with a B.S. 
in business administration. Since then 
he has been employed with the Salt 
Lake City Corp. (predecessor of the 
department) in various capacities. He 
became superintendent in 1952, since 
which time he has been the depart 
ment’s corporate representative in 
AWWA. 


He has been secretary-treasurer of 
the Association’s Management Division 
and was the first chairman of the In- 
termountain Section (1958). 


Montana—Kurt Wiel, city engineer 
and water superintendent, Miles City, 
Mont. A graduate of the University 
f Washington, he joined the engineer- 

ig department of the Chicago, Mil- 
waukee, St. Paul & Pacific Railroad in 
1928, where he remained until 1933, 
when he was appointed to his present 
position. 

A member of the Association since 
1934, he served as chairman of the 
Montana Section in 1940 and received 
the Fuller Award in 1956. 


North Central—M. D. Lubrato- 
vich, director of public utilities, Du- 
luth, Minn. Born in Hammond, Ind., 
in 1909, he graduated from the Uni- 
versity of Wisconsin in 1932, after 
which he worked for the Minnesota 
State Highway Dept. (1933-40). He 
began his service with the city of 
Duluth in 1940 and assumed several 
positions until he became director of 
public service in 1956 and director of 
public utilities in 1958. Since 1959 he 
has also served as administrative as- 
sistant to the mayor. 


North Central— 
Lubratovich 


A 


Ohio— 
Tatlock 
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Morgan Keeps Installation Costs to a Minimum 
in Complicated Multi-level sina 


When the city of Cleveland began plan- 
ning its magnificent new $28,000,000 fil- 
tration plant, it realized that it faced 
a complicated engineering problem that 
rould well run out of hand in cost. 


A mile from Lake Erie’s shore, water 
will flow through its intake, travel under- 
ground at a depth of 123 feet and enter 
the building to be chemically treated by 
a series of settling basins and filters. 
In the process, passage is through a maze 
of 42” Steel Pipe, Fabricated by Morgan, 
lined with coal-tar enamel that curves 
around chamber walls, descends and as- 
cends from floor to floor; at times trav- 
eling at foot level, then rising to ceiling 
height. When completed, the plant will 
convey pure water to supply part of 
Cleveland’s west section ... at a raie 


of M/G every 24 hours, with an ulti- 
mate expansion to 140 M/G every 24 
hours, again using Steel Pipe, Fabricated 
by Morgan. 


Only with STEEL FABRICATED 
PIPE could extremely long sections be 
easily hauled and installed. Only with 
STEEL FABRICATED PIPE could 
completion be reached with few joints, 
few supports, and resulting lower labor 
costs. And only with STEEL FABRI- 
CATED PIP is easy, inexpensive 
maintenance assured. 


All this means savings—BIG savings! 
And, the city of Cleveland knows, as 
many other cities have discovered, that 
their Steel Pipe, Fabricated by Morgan, 
will be operating trouble free for count- 
less years to come. 


Send for our FREE Brochure on Fabricating Methods . . . 1T WILL SAVE YOU MONEY! 
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_ A member of AWWA since 1949, 


he was chairman of the North Central 
Section in 1957-58. He is a member 
of WPCF, ASCE, National Society of 
Professional Engineers, and American 
(gas Assn 


Ohio—Myron W. Tatlock, partner, 
Ralph L. Woolpert Co., Dayton, Ohio. 
torn in Canton, Ind., in 1892, he 
received his A.B. in physics from Indi- 
ana University in 1916. He was as- 
sistant engineer at the Indianapolis 
(Ind.) sanitation plant from 1919 to 
1925 and assistant to the plant’s super- 
intendent in 1925-28. He was em- 


Southwest— Manufacturer— 
Williams Alt 


ployed by the city of Dayton as engi 
neer and plant superintendent from 
1928 to 1942, when he look a leave of 
absence to serve in the US Army En- 
gineer Corps, retiring as a lieutenant 


colonel in 1946. In 1946 he assumed 
his present position as a consulting 
engineer. 

A member of AWWA since 1928, 
he was chairman of the Ohio Section 
in 1957. He is a member of ASCE, 
WPCF, and American Public Works 
Assn. (vice-president ) 


Southwest—Johnie E. Williams, 
superintendent, San Angelo (Tex.) 


(Continued from page 50 P&R) 


Water Dept. Born in Marshall, Tex. 
in 1908, he received his A.B. from 
Howard Payne College in 1935. A 
teacher from 1931 to 1936, he was 
with the Texas Highway Dept. in 
1936-40 and became chemist and op- 
erator of the Brownwood, Tex., water 
plant in 1940. From 1943 to 1947 he 
served as an operation engineer with 
the US Army and then instructed at 
Texas A&M College until 1950, when 
he assumed his present position. 

An AWWA member since 1947, he 
was vice-chairman of the Southwest 
Section in 1954 and chairman in 1955. 
He is a past-president of the Texas 
Water & Sewerage Assn. and a direc- 
tor of the state’s Water Conservation 


Assn. 


Manufacturer—Edward E. Alt, 
sales representative, Chicago Bridge & 
Iron Co., Chicago, Ill. Born in Chi- 
cago in 1892, he received his degre¢ 
from Massachusetts Institute of Tech- 
nology in 1915, after which he worked 
for an architectural firm until 1918. 
He has been with Chicago Bridge & 
Iron Co. since that time. 

A member of AWWA since 1941, 
he was chairman of the Illinois Sec- 
tion in 1951-52 and represented the 
section as national director in 1954—57. 
He is also a member of Illinois Society 
of Professional Engineers and the rep- 
resentative of his firm in WSWMA 
(president in 1959). 


Joseph A. Holmes, formerly presi- 


dent of Nalco Chemical Co., has be- 
come vice-chairman of the board of di- 
rectors. A member of AWWA since 
since 1926, he is a Life Member. 
Thomas C. Jones succeeded him as 
president. 
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Why the Hersey Conical Disc Piston 

Gives You a More Accurate Meter 


When you say to an engineer, “The Conical Disc Piston has the 
added strength of an arch” he quickly understands the significance 
of this exclusive design feature of Hersey small and medium sized 
disc meters. Because it logically follows that the stronger disc 
design permits a lighter construction which results in increased 
sensitivity. 


In addition, the conical disc’s center of gravity is slightly above 
the center of the ball, resulting in still further sensitivity over a 
flat shape. The Hersey Conical Disc Piston assures you of the 
continued accuracy that 
HERSEY DISC WATER helps maintain maximum . ° : 
revenue. Write us for Hersey Sparling 
descriptive catalog No. H2. Meter Company 


HERSEY PRODUCTS 
CEDHAM, MASSACHUSETTS 
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The ‘Big Inch’ these days is the not to mention its detrimental effect 
one that Chicago wants to divert from upon relations with Canada. Having 
the Great Lakes to help flush its sew- succeeded, at least temporarily, in side- 
age down to the Mississippi. And tracking action on the diversion meas- 


there are six states—Minnesota, Wis- Ure—the 89th to appear in Congress 
consin, Michigan, Ohio, Pennsylvania, Since 1933—the Lake States are now 
and New York—that have been fighting looking forward to Supreme Court ac- 
hard not only not to give ’em an inch, thetr Chicas 
but to get back some of inches lost in 
: ; return to Lake Michigan the water it 

past years, since Chicago began, at the 


is now diverting. It is estimated that 

pee the direct cost to Chicago of such a 
trom Lake Michigan and not return it. requirement would be at least $300,- 


The additional diversion now being 000,000, but that the resulting pollution 
requested amounts to approximately of the city’s beaches and its source of 
enough water to lower the level of the water supply would be an even more 
Great Lakes by an inch—an inch which expensive problem. Not only what 
will, the six states say, have a sig- price water, but to whom seems to be 


nificant effect upon navigation and the question—and every inch a big 
upon the output of hydroelectric power, one! 7 
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WITH OZARK-MAHONING 
SUBMERGED COMBUSTION UNITS 
e EFFICIENT e ECONOMICAL 
e NO CORROSION - SCALE TROUBLES 


OZARK-MAHONING under- rere 
~ 


water burner recarbonators : 

have been in active service ~~ 
f over twenty-five years 
generating CO, in the water 

at the point of use. A dif- 

fuser is integral with the 

burner so expensive diffuser 

grids are not necessary. Scal- 

ing and corrosion problems 

are virtually eliminated. It 

is not necessary to drain the 

recarbonation basin for the 

very infrequent servicing 

which may be needed. Brick- 

lined fireboxes and handling 

of corrosive gases are elimi- 

nated. Efficiency remains high 

through long life. For more 

information write for bulletin. 


OZARK-MAHONING CO. 


310 W. SIXTH ST. . TULSA, OKLAHOMA 
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QUALITY 


CONTROLLED 


Cyanamid 


is con- 
trolled from start to finish to meet 
stringent specifications. Manufac- 
turing plants are strategically lo- 
cated for efficient service. 
SUPPLIED IN THE FORM YOU WANT: 
Liquid — for cleaner, easier, more 
economical operation. In tank wa- 
gons and tank cars from 9 conven- 
ient shipping points. Conforms fully 

to AWWA standards. 


Dry — conforms fully to AWWA 
standards in ground, rice, lump or 
powdered grades. Bagged or bulk. 


WHY NOT CONVERT TO LIQUID? 

Your costs — and savings — can be 
determined quickly by a Cyanamid 
representative with years of con- 
version experience at your service. 
Just call Cyanamid for product or 


technical service of any kind. 


YANAMID — 


AMERICAN CYANAMID COMPANY 


Process Chemicals Department, 30 Rockefeller Plaza, New York 20, N. Y. 


In Canada: Cy id of C 


da Limited, Montreal and Toronto 
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Cover is what New York City’s wa- 
ter commissioner, Armand 
was running for, instead of after, when 
the news came out that he was con- 
sidering the possibility of covering the 
city’s 372 acres of distribution reser- 
voirs as a means of protecting the wa- 
ter supply against pollution. A host 
of critics, including no less a figure 
than Commissioner Robert 
Moses, immediately attacked the idea, 
not only for the expense (approxi- 


mately $50,000,000) which it would in- 
volve, but for the fact that covers 
would destroy the natural beauty of 
the lakes and rob the water birds (so 
help us) of a haven. Whatever the 
merits of arguments concerning the 
possibilities of using the covers for 
athletic fields or of cutting the reser- 
voirs out of the distribution system 
entirely and, thus, preserving the lakes 
for recreation, we can only marvel at 
the indulgence of those who would find 
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a place for the seagull in their drink- 
ing water. 

Under cover, meanwhile, Pawtucket, 
R.I., put its 20-mil gal Stump Hill 
Reservoir, using a new type of arched 
aluminum roofing that does not require 
inside supports. Fabricated of 16$- 
ft Kaiser 0.032-in. aluminum 
arched to span 15 ft, the roof can sup 
port 30 psf. And though the surface 


sheets 


is hardly suitable for tennis courts (see 
cut), the cover does serve to keep the 


water clean and cool. Cost installed, 
with walkways and incidental work, 
totaled $1.39 per square foot. 

At that rate, New York could cover 
up for less than half the $50,000,000 
and invest the rest in gull shelters— 
perhaps between the sheets. 


Hydrodynamics Div. is the new 
organizational name for the former 
Peerless Pump Div. of Food Ma- 
chinery & Chemical Corp. 
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in Badger 
meter accuracy: 


cuts wear and noise at the water level 


It’s standard on all Badger 


meters. This dovetail thrust 
roller insert fits vertically into 
the thrust roller slot to form a 
smooth track on which the roller 
rides countless times — quietly 
and without wear. With this slot 
now 77° shorter, original cham- 
ber strength is retained and dis- 
tortion eliminated. 

Accurate registration is con- 
stant because the nutating disc 
never shifts position. And re- 


placement is a mere matter of 
changing the insert, not the en- 
tire chamber. 

The thrust roller insert is just 
one of many refinements to 
emerge from Badger’s concentra- 
tion on meter research and de- 
velopment. See your Badger rep- 
resentative for details. Ask'‘him, 
too, about the Read-o-Matic. 
Proof that answers for better 
water metering come first from 
Badger. 


Badger Water Meters 


BADGER METER MFG. CO. 4545 W. Grown Deer Rd. 
Milwaukee 23, Wisconsin e Offices in Principal Cities 
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Anatomical disharmony and vo 
cabularian parasitism are two clues to 
the difficulty of making accurate thresh- 
old odor tests provided by one Roy 
Bedichek in his book, The Sense of 
Smell (Doubleday, New York). The 
disharmony stems from the fact that 
the evolution of man’s exterior nose 
has been diverted from the line gen- 
erally taken in mammals by his as- 
sumption of an upright position, dis- 
torting the inside structure of the organ 
so that it cannot cooperate smoothly 
with other parts of the human machine. 
The parasitism comes from the fact 
that the sense of smell has compara- 
tively few words which belong to it 
exclusively, thus making it difficult, if 
not impossible, to report accurately on 
the tens or, even, hundreds of thou- 


sands of odor stimuli that may be de- 
tected by the human nose. 

Rather discouraged by these revela- 
tions from expecting human odor anal 
yses ever to amount to anything more 
than a rule of thumb, we were excited 
at the possibility suggested by the 
statement : 


In the final analysis, smell is always 
aquatic, for a substance is not smelled 
until it passes into solution in the mucous 
film of the nasal passages. For fishes, of 
course, the odors are already in solution 
in their watery environment. 


After all, if miners can use canaries, 
why couldn’t water works men _ use 
fish? Not only do they have the ad- 
vantage of getting the smeli without 
having to wait for it to dissolve, but 
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You Can’t Afford 
PAINT DAMAGE 


1. It Costs Money 


2. Endangers Your Citizens 


Only National Tank Maintenance Corp. 
“Special-Skil’’ Applicator crews protect you 
completely against paint damage. Our 
crews use a special paint roller——designed 
and patented for us. Our crews use DRI- 
MIST long lasting paints. National Tank 
exclusives . . . “‘Special-Skill’’ crews .. . 
our own design paint roller . . . and special 
long lasting DRI-MIST paints reduce dam- 
age .. cut cost You and vour com- 
munity benefit 


Our Engineering Department will furnish 
an estimate on your water tank without 
cost or obligation. Write, wire or tele- 
phone National Tank 


NATIONAL TANK 
MAINTENANCE CORP. 
1617 Crocker St. 

Des Moines, lowa 
CHerry 3-8694 


POTASSIUM 
PERMANGANATE 


For Organic Iron and Color 
Removal—Algae Control — 
Regeneration of Iron Removal 
Filters. 


Supplied to industry and mu- 
nicipalities in various grades 
and meshes to fit the particu- 
lar operation efficiently and 
economically in combating 
many water problems. 


WRITE FOR QUOTATIONS 


CARUS CHEMICAL COMPANY 


Box JAW LaSalle, Illinois 
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{ficient Economical and Fool Proof— 


The ALTITE JOINT. has been subjected to 

series of rigid tests much more severe than are 

Protected by Pate encountered under the most extreme installa- 

tion and service conditions in the field. Even 

By APCO under extreme conditions, this joint is so 

simple to install—you could hardly go wrong 
‘if you tried. 


ALTITE JOINT, 


For Efficiency, 
Economy 


and Simplicity— 


Order ALTITE For 
Your Next Job 


Wipe on oa small amount 


Insert Rubber gasket in 
of special lubricant—This 


bell end of pipe — you 
can‘t put it in wrong — A 
child can do it. 


reduces friction, 


Insert plain beveled end 
of pipe — there are no 
grooves, ridges or tips on 
gasket to interfere with 
smooth insertion. 


Small amount of pressure 
required to force plain 
end to bottom of socket— 
Your simple, time saving 
joint is completed, 


General Offices - ANNISTON, ALABAMA 
SALES OFFICES 


122 South Michigan Ave., Chicago 3, Ill. 
350 Fifth Ave., New York 1, N. Y. 

905 1006 Grand Ave., Kansas City, Mo. 
18505 W. Eight Mile Rd., Detroit 41, Mich. 
5335 Southern Ave., South Gate, Calif. 
2101 N. Webster St., Kokomo, Ind. 
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PERCOLATION AND RUNOFF 


(Continued from page 58 P&R)- 


is theirs. And, as there 
are no proper words, anyway, their 
inability to talk should be no great 
handicap. Without doubt, a fish scale 
better than the nose-thumb rule could 
be worked out, but now we understand 
that that development has already been 
obviated by a new device introduced 
by Kvans Research of New York. 
The Evans device is a mechanical 
sniffer made up of a series of ioniza- 
tion detectors in conjunction with gas 
chromatographs. Through its use, 
very fine distinctions—as 
types of whisky on the breath, between 
natural and artificial flavors, between 
cigar and cigaret smoke—can be made. 
Said to be effective in the odor-flavor 
research areas and in the field of qual- 
ity control, the sniffer seems a natural 


between 


that is an artificial—substitute for 
the nose as an instrument to monitor 
the effluent of water treatment plants, 
harmonious, nonparasitic, and not at 


all fishy! 


Disarmament, for which we hav 
been keeping our fingers crossed, 1 
apparently home free —at any rate, as 
far as the Navy is concerned. Why 
else would the US Naval Supply De 
pot at Ogden, Utah, be accepting bids 
now for “261,539 Ib of drinking water, 
packed in 276,275 cans, six can open 
ers. with each 75 cans, suitable for 
bomb shelters” ? It is possible, of 
course, that these cans are being dis 
posed of because they contain only ap- 
proximately 0.94666184 lb each—that 
is 1 can opener to 8 lb of water—but 


(Continued on paye 108 P&R) 


KLETT SUMMERSON 


ELECTRIC PHOTOMETER 


Adaptable for Use in Water 
Analysis 


Can be used for any de- 
termination in which color 
or turbidity can be devel- 
oped in proportion to sub- 
stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 
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VALVE DEPENDABILITY... 


a 
POSITIVE CONTROL OF MATERIALS IN MOTION If ry FEED 


@ Solid Stoinless Stee! Shoft 
@ Unloaded Stuffing Box 
@ 90° Shoft Rotation = 


© Rugged Volve Body 
© Unique Reinforced Valve Seat 


@ TwoWoy Thrust Bearing 


BUTTERFLY VALVES! 


BHF) 


*NO ‘FREEZING’! *NO LEAKING! * MUCH LESS MAINTENANCE! 


Performance-proved in the 25 to 
125 psi range, Builders Butterfly 
Valves are built to AWWA specifi- 
cations. Non-corrosive metal to 
rubber seating results in bubble 
tight closure and free and easy 
operation even after long periods 
of inactivity. Shaft rotates only 90° 

. . reduces wear and tear on shaft 
and stuffing box. All types of valve 
operators available to suit your 


requirements. 


Industries 


BUILDERS-PROVIDENCE + PROPORTIONEERS + OMEGA 


METERS + FEEDERS + CONTROLS / CONTINUOUS PROCESS ENGINEERING 


Ask for proof! Request Bulletins 


650.20-1 & 650.20-2 for complete design 
details. Write to B-I-F Industries, Inc. 


365 Harris Avenue, Providence, R. 1. 


BUILT-IN 
| 
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PROFESSIONAL SERVICES 


Professional Services 


ALBRIGHT & FRIEL, INC. 
Consulting Engineers 


Water, Sewage, Industrial Wastes and Incineration 
Problems 
City Planning, Highways, Bridges and Airports 
Dams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


Three Penn Center Plaza Philadelphia 2, Pa. 


ALVORD, BURDICK & 
HOWSON 
Engineers 
Water Works, Water Purification, Flood 
Relief, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


20 North Wacker Drive Chicago 6 


AWWA STANDARDS 
for Water Works Materials 
Compiled, approved and published by 
your Association to meet your needs. 
Send for list of publications. 


American Water Works Association, Inc. 
2 Park Avenue New York 16, N.Y. 


AYRES, LEWIS, NORRIS & MAY 


Consulting Engineers 

Rosert Norris 
Donatp C. Mary 
Homer J. Haywarp 


Louis E. Ayres 
Georae E. Lewis 
Stuart B. Maynarp 


Waterworks, Sewerage, Electric Power 


500 Wolverine Building, Ann Arbor, Michigan 


BLACK & VEATCH 


Censulting Engineers 
1500 Meadow Lake Parkway, 
Kansas City 14, Missouri 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 

Sewage Disposal, Gas, Valuations, Special 

Investigations and Reports 


BLACK AND ASSOCIATES, INC. 
BLACK LABORATORIES, INC. 


Engineers and Chemists 
Water, Sewerage, Hydrology, Waste Treatment 
Complete Laboratory Services 


700 S. BE. 3rd St. Gainesville, Fla. 


CLINTON BOGERT ENGINEERS 


Consultants 


Curnton L. Bogert Ivan L. Bogert 
Donato M. Ditmars Rosert A. LincoLtn 
A. MANGANARO WILLIAM MARTIN 
Water & Sewage Works 
Drainage Flood Control 
Highways and Bridges Airfields 


145 Bast 32nd Street, New York 16, N. Y. 


Incinerators 


Bowe, Albertson & Associates 


Engineers 


Water and Sewage Works 
Industrial Wastes 
d Refuse Disposal 
Valuations 
Laboratory Service 


75 West Street 
New York 6, N.Y. 


1000 Farmington Ave. 
West Hartford 7, Conn. 


Brockway, Weber & Brockway 


Engineers, Incorporated 


George S. Brockway Roy E. Weber 
George R. 
Staf 


Charles A. Anderson 
Ben E. Whittington 
Ernest L. Greene 
Thomas K. Demery 
Civil, Structural, Sanitary, _ 
Municipal, Electrical, Land Planning 
West Palm Beach, Florida Ft. Pierce, Florida 


H. L. Fitzgerald 
Robert E. Owen 
Thomas A. Clark 


BROWN AND CALDWELL 


Civil and Chemical Engineers 


Water—Sewage—Industrial Waste 
Consultation— Design—Operation 


Chemical and Bacteriological Laboratories 


66 Mint Street San Francisco 3 
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Professional Services 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Warer Suppty—Sewace Disposat— 
Hypravutic DEVELOPMENTS 


Reports, Investigations, Valuations, Rates, 
Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 E. 19th Se., New York 3, N. Y. 


=" 


CAPITOL ENGINEERING CORP. 


Consulting Engineers 
WATER WORKS—SEWAGE DISPOSAL- 
AIRPORTS — DAMS — BRIDGES— ROADS 
AND STREETS 
Investigations, Keports, Appraisals, Rates, 
Survey and Design, Construction Supervision 


Dillsburg, Pa. 
Rochester, N. Y. Washington, D.C. 


BURGESS & NIPLE 


Consulting Engineers 
(Established 1908) 

Water Supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Laboratory Municipal engineering 
Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


ihe 
+ 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 
Valuations—Rates— Management 

Laboratory—City Planning 


601 Suismon Street 
Pittsburgh 12, Penna. 


BURNS & McDONNELL 


Engineers—Architects—Consultants 


4600 E. 63rd St. Trafficway 
Kansas City 41, Missouri 


CHAS. W. COLE & SON 


Engineers and Architects 


3600 E. Jefferson Blvd. 
South Bend, Indiana 


2112 W. Jefferson St. 


Joliet, Illinois 


JAMES M. CAIRD 
Established 1898 
C. E. Currron, H. A. BeEnNetT 
Chemist and 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 
Cannon Bldg. Troy, N. Y. 


CAMP, DRESSER & McKEE 


Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 


Investigations, Reports, Design 
Supervision, Research, Development 


18 Tremont St. Boston 8, Mass. 


T 


CONSOER, TOWNSEND 
& ASSOCIATES 
Consulting Engineers 


Sewage treatment, sewers, storm drainage, flood 
control — Water supply and treatment — High- 
way and bridges—Airports —Urban renewal — 
Electric and gas transmisson lines Rate 
studies, surveys and valuations Industrial 
and institutional buildings. 


360 East Grand Avenue Chicago 11, Illinois 


DAY & ZIMMERMANN, INC. 
Consulting Engineers 
Valuations 
Feasibility Studies & Reports 
Rate Cases & Financial Studies 


Supervisory Consulting Service 


1700 Sansom St. Philadelphia 3, Pa. 
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Professional Services 


Fay, Spofford & Thorndike, Inc. 
Engineers 
Water Supply and Distribution — Drainage 


Sewerage and Sewage Treatment—Incinerators 
Airports — Bridges — Express Highways 


Investigations Reports Valuations 
Designs Supervision of Construction 


11 Beacon St., Boston 8, Massachusetts 


FINKBEINER, PETTIS & STROUT 


Consulting Engineers 


Water Supply, Water Treatment, 
Sewerage, Sewage Treatment, 
Bridges, Highways & Expressways 


2130 Madison Avenue Toledo 2, Ohio 


FROMHERZ ENGINEERS | 


| 
Structural— Civil— Municipal 
Four Generations Since 1867 
Water Supply; Sewerage; Structures ; 
Drainage ; Foundations 
Highways & Streets 
Investigations ; Reports; Plans and 
Specifications ; Supervision 


New Orleans 


GREELEY AND HANSEN 
Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Refuse Disposal 


14 E. Jackson Blvd., Chicago 4 


GROUND WATER ASSOCIATES 


Consulting Hydrologists and Engineers 


Investigations, Reports and Recommendations 
on Underground Water Supplies. Preparation 
of Plans and Specifications 


Box 480 JEfferson 6-0494 


Norman, Oklahoma 


WILLIAM F. GUYTON 
& ASSOCIATES 
Consulting Ground-Water Hydrologists 


Underground Water Supplies 
Investigations, Reports, Advice 
307 W. 12th St. 


Austin 1, Texas 
Phone: GR-7-7165 


GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 
Engineers 
Water Works—Sewerage 
Industrial Wastes—Garbage Disposal 
Roads — Airports— Bridges— Flood Control 
Town Planning—Appraisals 
Investigations & Reports 

Philadelphia, Pa. 
Daytona Beach, Fla. 


Harrisburg, Pa. 
Pittsburgh, Pa. 


GIBBS & HILL, INc. 
Consulting Engineers 


Water Supply and Treatment 
Industrial and Municipal Waste Treatment 
Electric Power and Transmission 
lransportation and Communication 


Pennsylvania Station New York 1, New York 


HASKINS, RIDDLE & 
SHARP 


Consulting Engineers 
Water—Sewage & Industrial Wastes 
Hydraulics 
Reports, Design, Supervision of Construction 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Avenue Kansas City 5, Mo. 


HAVENS & EMERSON 


H. H. Mosevey 
F. 8. PaLracsay 
E. 8S. Onpway G. H. ABPLANALP 
A. M. Mock 8. H. Surton 

F. C. Consultant 


Consulting Engineers 
Water, Sewage, Garbage, Industria! 


Wastes, Valuations— Laboratories 


Leader Woolworth Bidg. 
CLEVELAND 14 NEW YORK 7 


A. A. BurGEeR 
J. W. Avery 
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Professional Services 


HAZEN AND SAWYER 


Engineers 
Richard Hazen Alfred W. Sawyer 
H. E. Hudson, Jr. 
Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


360 Lexington Ave. New York 17, N.Y. 


Items for Your Library 


The latest edition of AWWA's publication list 
includes information on how you can save money 
through the use of Publication Discount 
Coupons. 

American Water Works Association, Inc. 
2 Park Avenue New York 16, N.Y. 


ANGUS D. HENDERSON 


Consulting Engineers 
Anous D. HenDERSON Tuomas J. Casey 


Water Supply and Sanitation 


Westbury, New York 
Bayside, New York 


330 Winthrop St. 
210-07-29th Ave. 


THE JENNINGS-LAWRENCE CO. 
Civil & Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 

Sewers & Sewage Treatment 
Reports— Design—Construction 


1392 King Avenue Columbus 12, Ohic 


H. G. Holzmacher & Associates 
Consulting Engineers 
H. G. HotzMacHEer 
R. G. HotzMacuEeR S. C. McLenpon 
Municipal Engineering 
Water Supply & Treatment 
Sewerage & Treatment 
Water Analysis Laboratory 


66 W. Marie Street, Hicksville, L. I., New York 


JONES, HENRY & 
WILLIAMS 


Consulting Sanitary Engineers 
Water Works 


Sewerage & Treatment 


Waste Disposal = 


2000 West Central Avenue Toledo 6, Ohio 


HORNER & SHIFRIN 


Consulting Engineers 


E. E. Bloss V. C. Lischer 


Airports, Sewerage & Drainage, Hydrology, 

Sewage & Industrial Waste Treatment, 

Water Supply & Treatment, Paving, Struc- 
tures, Industry Engineering Services 


1221 Locust Street St. Louis 3, Mo. 


HARRY J. KEELING 


Consulting Engineer 
Electrical— Mechanical—Corrosion 


Investigations—Reports— Advisory Service 
Mobile radio communieation systems; 
Special mechanical design problems; 
Soil corrosion, Electrolysis, 
Cathodic protection 
of buried or submerged metal surfaces. 


1780 S. Robertson Blvd. Los Angeles 35, Calif. 


ROBERT W. HUNT CO. 
Inspection Engineers 
(Established 1888) 

Inspection and Test at Point 


of Origin of Pumps, Tanks, 
Conduit, Pipe and Accessories 


810 S. Clinton St. 
Chicago 7, Ill. 
and Principal Mfg. Centers 


KENNEDY ENGINEERS 


R. Kennepy Rosert M. Kennepy 


Investigation— Design 
Water Supply Water Purification 
Sewage and Waste Treatment 
Water Reclamation 


604 Mission St., San Francisco 5 
Tacoma Los Angeles Salt Lake City 
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DEAN S. KINGMAN 


Consulting Engineer 


Water Works 
Sewerage & Treatment 


University Avenue 
Palo Alto, California 


METCALF & EDDY 


Engineers 


Water, Sewage, Drainage, Refuse 
and Industrial Wastes Problems 


Airports Valuations 
Laboratory 
Statler Building 
Boston 16 


MORRIS KNOWLES INC. 
Engineers 
Water Supply and Purification, 
Sewerage and Sewage Disposal, 
Industrial Wastes, Valuations, 


Laboratory, City Planning 


Park Building Pittsburgh 22, Pa. 


JAMES M. MONTGOMERY 


Consulting Engineer 
Water Supply—Water Purification 
Sewerage—Sewage and Waste Treatment 
Flood Control— Drainage 
Valuations— Rates 
Investigations— Design—Operation 


535 E. Walnut St. Pasadena, Calif. 


— 
KOEBIG & KOEBIG | Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers Since 1910 


Investigations, Reports, Designs 
Water Supply & Water Treatment 
Sewerage & Sewage Treatment 
Municipal Engineering 


3242 W. Eighth St. Los Angeles 5, Calif. 


Consulting Engineers 


Sewage Treatment— Water Supply 
Incineration — Drainage 
Industrial Waste Treatment 
Appraisals 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


LEGGETTE, BRASHEARS 
& GRAHAM 
Consulting Ground Water Geologists 


Water Supply Salt Water Problems 


Dewatering Investigations 


Recharging Reports 


551 Fifth Avenue New York 17, N. Y. | 


Look to the Journal 
Advertising Pages 


for guidance when you require professional serv- 
ices or water works products. A ‘Buyers’ 
Guide™ appears in the final pages of this issue. 


American Water Works Association, Inc. 
2 Park Avenue New York 16, N. Y. 


PARSONS, BRINCKERHOFF, 
QUADE & DOUGLAS 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structures Power Transportation 


165 Broadway New York 6, N.Y. 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 


Ropert D. Cari A. ARENANDER 
Pirntiez, JR. 


Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 


25 W. 43rd Se. New York 36, N. Y. 
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Seroices 


THE PITOMETER RIPPLE & HOWE, INC. 
ASSOCIATES, INC. Consulting Engineers 


Engineers V. A. VAsEEN B. V. Hows 
Water Waste Surveys 
Trunk Main Surveys 
Water Works Systems, Filtration and Softening 
Basing Distribution Studies , Plants, Reservoirs, and Dams, Sanitary and 
Water Measurement & Specia Storm Sewers, Sewage Treatment Plants, 
Hydraulic Investigations Refuse Disposal, Airports 


50 Church Street New York | 833—23rd St., Denver 5, Colo. 


Professional Cards in the ROBERT AND COMPANY 
1960 AWWA ASSOCIATES 


MEMBERSHIP DIRECTORY Engineering Division 
Power Plants Water Sewage Plants 
A must for water supply consultants Airports 
Reserve your space now Docks and Terminal Facilities 
Reports Investigations 
American Water Works Association, Inc. 
2 Park Avenue New York 16, N.Y. 96 Poplar Street, Atlanta, Georgia 


LEE T. PURCELL RUSSELL & AXON 
Consulting Engineer Consulting Engineers 


Water Supply & Purification; Sewerage & Sew- Civil—Sanitary—Structural 

age Disposal; Industrial Wastes; Investigations ial 
& Reports; Design; Supervision oO ustrial— “lectrical 

Construction & Operation Rate Investigations 


Sete Satna 408 Olive St., St. Louis 2, Mo. 
36 De Grasse St. Paterson 1, N. J. Municipal Airport, Daytona Beach, Fla. 


RADER AND ASSOCIATES J. HOMER SANFORD 


Engineers and Architects 


Water Supply, Treatment and Distribution Re 3 
Sewers and Sewage Treatment 39 Years of G d Investig 


Consulting Engineer- Hydrologist 


Investigations, Reports, Plans 2 
Supervision of Construction and Operations Groundwater Deve lopme nt, Recharge, 
Aerial Photography, Photogrammetry Dewatering and Salt Intrusion 


The First National Bank Building, Miami 32, Analysis of A vailable Supply aad Safe Yield 
lori Litigation Reports and Testimony 


1025 Co i W. 
Washingten'6 DC. 1143 B. Jersey Street Blizabeth 4, N. J. 


THOMAS M., RIDDICK SERVIS, VAN DOREN & HAZARD 
& ASSOCIATES Engineers— Architects 
Consulting Engineers and Chemists INVESTIGATIONS - Design - SUPERVISION OF 


Municipal and Industrial Water Purification, Conerat APPRAISALS 
Sewage Treatment, Plant Supervision, Water - Sewage - Streets - Expressways - High- 
ndustrial Waste Treatment, ways - Bridges - Foundations - Airports - F' 
Laboratories for Chemical and Bacteriological | Control - Drainage - Aerial Surveys - Site Plan- 
Analyses | ming - Urban Subdivisions - Industrial Facilities 
Electrical - Mechanical 


369 B. 149th Se. New York 55, N.Y. 
MOr Haven 5-2424 2910 Topeka Bivd. Topeka, Kansas 
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J. E. SIRRINE COMPANY 


meers 
Since 1902 
GREENVILLE, SOUTH CAROLINA 
Design, Reports, Consultations 
Water Supply and Treatment 


Sewage and Industrial Waste Treatment 
Stream Pollution Surveys 


R. KENNETH WEEKS 


ENGINEERS 


Designers Consultants 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Investigations and Reports 
Supervision of Construction 


Streets and Highways 
6165 BE. Sewells Point Road, Norfolk 13, Va. 


SMITH AND GILLESPIE 
Consulting Engineers 


MUNICIPAL UTILITIES 
AND PUBLIC WORKS 


Complete Engineering Services 


JACKSONVILLE, FLORIDA 


ROY F. WESTON, INC. 
Engineers—Biologists—Chemists 


Sewage—lIndustrial Wastes 
Air pollution 


Water 
Stream pollution 
Surveys —Research— Development— Process 
Engineering — Plans and Specifications— 
Operation Supervision — Analyses 
Evaluations and Reports 


Newtown Square, Pa. 


STANLEY ENGINEERING 
COMPANY 


Consulting Engineers 


Hershey Building 208 S. LaSalle St. 
Muscatine, Ia. Chicago 4, Ill. 
1154 Hanna Building 
Cleveland 15, Ohio 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply and Purification; Sewerage, 
Sewage and Industrial Wastes Treatment 
Reports, Designs, Supervision of Construction 
and Operation; Valuations 
Chemical! and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


ALDEN E. STILSON & ASSOCIATES 


(Limited) 
Consulting Engineers 
Water Supply-——Sewerage— Waste Disposal 
Bridges— Highways—Industrial Buildings 


Studies—Surveys— Reports 


245 N. High St. 75 Public Square 
Columbus, Ohio Cleveland 13, Ohio 


WHITMAN & HOWARD 


Engineers 
Est. 1869 


Investigations, Designs, Estimates, 
Reports, Supervision, Valuations, 
etc., in all Water Works and Sewerage 
Problems 


89 Broad St. Boston, Mass. 


WATER SERVICE 
LABORATORIES, INC. 


Chemical Engineers 


Specialists in Water Treatment 
Consulting and Technical Services 


Main Office: 615 W. 131 St., N. Y. 27, N. Y. 
Offices also in: Phila., Wash., & Richmond 


J. STEPHEN WATKINS 


J. 8. Watkins G. R. Watkins 
Consulting Engineers 

Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage and Sewage 

Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures 


446 East High Street Lexington, Kentucky 
Branch Offices 
5402 Preston Highway, Louisville 13, Kentucky 
107 Hale Street, Charleston, W. Va. 


WHITMAN, REQUARDT 
& ASSOCIATES 
Engineers Consultants 
Civil—Sanitary—Structural 
Mechanical— Electrical 


Reports, Plans 
Supervision, Appraisals 


1304 St. Paul St. Baltimore 2, Md. 


WILSEY, HAM & BLAIR 


Engineers 


Investigation and Design 
Water Supply, Treatment and Distribution 
Sewage Treatment and Disposal 
Airports, Municipal Works and City Planning 


800 W. Colorado Blvd. 
Los Angeles 41, Calif 


111 Rollins Road 
Millbrae, California 
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It had gone on for years. 
No one had suspected. Yet 
hundreds of thieves robbed 


this city every day! 


The Mystery of the 
Missing Municipal Money 


Clues. Everytime someone turned on a tap, utility revenue somehow ~ 


trickled down the drain. The water department could hardly keep up . ° 7 


with operating expenses. — — 
- am 


Solution. A testing program quickly unmasked the culprits: “cheating” 


water meters. Inaccurate, time-worn water meters that no longer _ 


registered honestly. 


Officials acted fast to end this larcency. They switched to the water 


meter famous for sustained accuracy: Calmet, of course. 
= 


an minimum maintenance, trustworthy Calmet meters soon put the the -) 


° = department on a paying basis. Elementary, eh? 


ca CALMET METER DIVISION 


WORTHINGTON 2301 so. Main © FORT WORTK, TEXAS 
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Condensation 


CONDENSATION 


V ol. 52, No.5 


Key: In the reference to the publication in which the 
abstracted article appears, 39:473 (May °47) indicates 
volume 39, page 473, issue dated May 1947. 


If the pub- 


lication is paged by the issue, 39:5:1 (May '47) indicates volume 39, number 5, page 1, issue 
dated May 1947. Abbreviations following an abstract indicate that it was taken, by permis- 


sion, from one of the following periodicals : 


BH—Bulletin of Hygiene (Great Britain) ; CA 


Chemical Abstracts; Corr—Corrosion; [M—Institute of Metals (Great Britain) ; PHEA 
Public Health Engineering Abstracts; SIW—Sewage and Industrial Wastes; WPA— 


Water Pollution Abstracts (Great Britain). 


POLLUTION CONTROL 


Foaming of Liquids Containing Synthetic 
Detergents. G. A. TRUESDALE Wtr. & 
Waste Treatment J. (London), 7:3:108 
(°58). A study has been made at the Water 
Pollution Research Lab., Stevenage, Hert- 
fordshire, of the relation between foaming, 
the type of liquid and the type and concn. of 
detergent present; from this study a routine 
method for the rapid testing of samples has 
‘been evolved. The apparatus used consisted 
of a 6-ft vertical glass pipe of 4 in. internal 
diam., fitted with a l-in. cube diffuser and 
a sampling tap at the lower end. Air was 
blown through a 3-ft column of liquid under 
a pressure of 4 psi at a rate of 90 ml/min. 
Foam height was measured at intervals. No 
strict control of temp. seems to have been 
made—“expts. were made at about 15°C.” 
xpts. were carried out on detergent-free 
synthetic sewage, tap water, filter effluent 
and settled sewage. A mixt. contg. equal 
weights of 7 proprietary household deter- 
gents was tested in the above liquids at 
conens. of 9.5-20 ppm as Manoxol OT (de- 
tergent conens. as Manoxol OT detd. by 
the Longwell and Maniece method). Typi- 
cal expts. showed a linear increase in foam 
height with time, to a max. value. The 
max. height of foam and the time taken to 
achieve it increased with detergent concn. 
The tendency to foam was greatest in tap 
water and became progressively less as the 
poln. was increased; however, the proportion 
of detergent lost from a particular type of 
liquid in the production of a foam was con- 
stant for that liquid and independent of the 
detergent concn. These expts. show 
that the amt. of detergent present in a given 
vol. of foam was a reasonably constant fig- 
ure. The author has suggested that the 
constancy of this figure may be related to 
the amt. of detergent required to form a 
monomolecular layer at the air-water inter 


er 


also 


face. By a rough estn. he has caled. the 
area occupied by 1 detergent molecule to be 
135 sq A for Manoxol and 86 sq A for Tee- 
pol (a secondary alkyl sulfate). 
ures are of the right order. Foam produc- 
tion thus would be dependent on the avail- 
ability of sufficient detergent in the liquid; 
the presence of suspended solids which may 
absorb detergents may account for the reten- 
tion of some detergent and thus a reduction 
in foaming. The routine test for the examn. 
of the foaming tendencies of liquids measured 
the max. height of foam that was produced 
in 8 min. with a flow rate of 90 ml/min at 
a pressure of 4 psi. In its present form the 
test is suitable for comparison of the foaming 
properties of sewage and sewage effluent con- 
taining 0-8 ppm of surface-active material 


as Manoxol OT. BH 


These fig- 


Synthetic Detergents: Results of Their 
Degradation on Johannesburg Sewage 
Works and Streams. P. E. Sparco. Pub. 
Health (Johannesburg), 25:1:11 (59). The 
paper opens with a review of the nature of 
syn. dets. and of their reported effects on 
sewage treatment. The concn. of anionic 
syn. det. in the raw sewage entering the 
Cydna_ treatment works of Johannesburg 
varies between 1.5 and 30 ppm, aveg. 4.6 
ppm, which is about one-third of the avg. 
concen. in Britain. At 2 of the treatment 
works measurements showed that only about 
5% of the detergent was removed in the 
primary settling tanks. At the Cydna works 
10-80% (avg. 50%) of the anionic agents 
was removed in biol. filtration. At the same 
works the activated-sludge plant (presum- 
ably ditfused-air system), which was produc- 
ing a highly nitrified effluent, removed all 
the detergent; there was no foaming. One 
of the units at the Bruma works showed in- 
creasing foaming as nitrification decreased ; 
foam appears at a relatively late stage of the 
aeration but not usually in the re-aeration 
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NOW... 


plant costs 45% 


Increase 
clear water 
Capacity 


cut new filtration 


Specify Celite diatomite filtration 


ou can now double the potable water capacity 
vailable to your growing community and cut the 
nstallation cost of new filtration nearly in half. How? 
pecify diatomite filtration. You'll reduce land and 
onstruction costs because diatomite systems need 
nly 14 the housing space of equivalent-capacity sand 
lants. In fact diatomite systems are so compact, they 
ican sometimes be added to existing plants. 
If you’re considering water filtration for the first 
time, it makes good financial sense to go Celite* 
diatomite all the way. An actual test installation by 
SJohns-Manville has proved that a diatomite filter 
Sstation can be installed for 45% less than a sand filter 
Estation of equal capacity.f 


What’s more, Celite will usually give better water 
clarity under comparable conditions. Turbidity is far 
lower. More suspended solids, including all floc, 
amoebae and algae, are removed. And a Celite dia- 
tomite system is easily operated and maintained by 
regular municipal water personnel. 


Mined from the world’s purest commercially avai 
able deposit, Celite is carefully processed for complete 
uniformity. Call your nearby Celite engineer for con 
plete information on Celite’s wide range of grades; h 
will gladly assist with your particular problems. And 
write today for FREE informative reprint.f John: 
Manville, Box 14, New York 16, New York. In Canada, 


Port Credit, Ontario. 


*Celite is Johns-Manville’s registered trade mark for its diatomaceous silica products. 


tComparison Studies of Diatomite and San 
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Water Works Association, September 


JoHns-MANVILLE 


Filtration by G. R. Bell, Journal American 


{NS-MANVILLE 


JM 


= 

ii 

: = 

4 

att 

4 

ed 

« 

; 


CONDENSATION 


(Continued from page 70 P&R) 


| The author can offer no explana- 


channel 
tion of this. The phenomena he reports are 
probably explained by the antifoaming prop 
erties of soap, which is soon broken down, 
and by the higher solids conen. in the re 
aeration channel, which results in greater 
adsorption of the detergent.] Persistent 
foam occurs at a valve, through which the 
supernatant liquor sludge digestion 
flows to a small pond. Sand filtration of 
the effluent from humus tanks reduced the 
residual detergent cocn. as much as one 
sixth, the reduction increasing with time 
after the last cleaning of the filter. Appre 
ciable conens. of syn. det. have been meas 
ured in streams receiving effluent from the 
_ Johannesburg sewage treatment works and 
these had dropped by less than one-half after 
flowing 16 mi, at which point there was still 
appreciable foaming. Foaming occurs to a 
greater or less degree on all the city’s works 
after discharge from them.—BH 


ter and Sewage Treatment. H. V. Moss. 
Waste Treatment J., 7:253 (59). At 
the annual meeting of AASGP, Inc., Jan. 759, 
- the author presented the 4th annual report 
on the research program of the association 
designed to obtain factual information on the 
effect of household detergents in sewage 
treatment and water supplies, and including 
_ investns. on both the major ingredients of 
these detergents, namely the surface-active 
-_ usually alkyl benzene sulfonate, and 
the sodium polyphosphate builders. The as- 
pects under investn. include anal. methods, 
the amt. and effect of the phosphate com 
ponent entering water supplies, methods for 
removing alkyl benzene sulfonate from wa 
ter supplies if this should become necessary, 
the effect of alkyl benzene sulfonate on the 
operation of sewage works, and the contamn 
of ground water supplies by waste waters 
contg. detergents. The polyphosphate com- 
ponents of synthetic detergents are largely 
decomposed during passage through sewage 
works and surface streams; of the phosphate 
found in surface waters, such as those stud- 
ied in Illinois, only a portion can be at- 
tributed to detergents, and the small concen 
of phosphates remaining in the raw water 
causes no problem at water works. It has 
been shown that a large portion of the alky] 
benzene sulfonate in crude sewage is de- 
_ graded by biol. oxidn. during the conven- 


= Research on Detergents in Wa- 


tional activated-sludge process, and the de 
gree of degradation can be increased and the 
foaming decreased by modifications to the 
plant such as the “Hi-Lo” process; further 
expts. are still in progress. Alternative 
procedures investigated for removing alkyl 
benzene sulfonate from sewage have included 
adsorption on particulate matter, percolating 
filters, and induced frothing with subsequent 
surface skimming of the foam. The present 
concen. of alkyl benzene sulfonate in sewage 
(5-10 ppm) appears to have no detrimental 
effect on bact. growth or reduction of BOD 
during sewage treatment, and the foaming 
caused is due not only to alkyl benzene 
sulfonate, but to a combination of factors, 
which could themselves be troublesome even 
in the absence of detergent, including low 
solids conen., low rate of flow, high temp., 
high pH value, the type and rate of aera- 
tion, and particularly the presence of protein 
degradation products.—IV PA 


Three Actual Sources of Contamination of 
Waters Evident in the Hamburg Harbor. 
E. Strenr. Gas- u. Wasserfach. (Ger.), 
100 :284 (’59). Strict regulations are used 
to keep oil discharges at a min. in the har- 
bor, but accidents occur. <A fixed plant has 
been provided for the clarification of bilge 
water, oil tank washings, etc., as these are 
too complicated treatment for a mobile 
(barge) plant. Radioactive wastes are dif- 
ficult to control; the water in the harbor is 
now near the permissible upper limit for 
radioactivity, but about 90% of this is du 
to K salts, which have a considerably higher 
tolerance. Even the overall detn. of radio 
activity requires at least a day, and the iden 
tification of specific isotopes a still longer 
time. This makes the location of sporadi 
discharges of radioactive materials very dif 

ficult. Garbage dumps are also a source of 
possible water contamination; a new inci 

erator plant has been designed and installed 
with a view to burning some of the mor 

difficult materials. In one case, an industry 
has installed an incinerator for acid resi 

materials, and is recovering valuable proc 

ucts.—CA 


A Study of the Pollution and Self-Puri 
fication of the River Rhonel. M. Cuam 
BON. Rev. d’Hyg. et de Med. Sociale (Paris) 
7:1:7 (’59). This paper is an extract fror 
a report presented in ’58 to the Departme: 


(Continued on page 74 P&R) 
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New Coagulant Cuts Costs 
of Water Treatment 


Fast Action Permits 
High Flow Rates 


High speed ccagulant action of 
Nalco 614 is especially good news 
forthe many municipal water treat- 
ing plants now operating over 
rated capacity. In fact, the ex- 
tremely fast action of this new co- 
agulant promises better operating 
efficiency in any municipal system. 


Characteristics of Nalco 614 


Basically, Nalco 614 is a new sodium 
aluminate coagulant. It has excellent 
dry feeding characteristics due to a 
new manufacturing process that pro- 
duces near spherical granules. It is a 
fast dissolving, highly soluble material. 

Rapid coagulating action boosts 
equipment capacities, virtually elim- 
inates post-precipitation. 

Nalco 614 is being used alone, with 
lime and soda ash, and with low dos- 
ages of common coagulants such as 
alum or activated silica. 

In softening systems, Nalco 614 im- 
proves hardness reduction, as well as 
coagulation. Since it is an alkaline 
material, lime and soda ash dosages 
can be reduced. 


Plant Reports 


There is no substitute for full-scale 
use of a new product to prove its use- 
fulness and advantages. Here are some 
of the results that water works report 
after putting Nalco 614 to work: 


“Saved almost $1,000 per Month 

over the cost of previous treatment, 

principally alum,” says one filtration 
plant superintendent. 


Replaced Alum and Ferric Sulfate 
at a municipal water plant in Iowa. 
This plant softens water to 85 ppm. 
Previous cost of alum, iron, lime and 
soda ash was $239.00 per day. Re- 
placed 25 parts alum and 50 parts 
ferric sulfate with only 8 parts Nalco 
614. Lime and soda ash F caren also 


nicrograph of Nalco 614 particles shows 
of the reasons for its excellent handling and dry 
feeding characteristics: spherical grains that assure 
free flow through conventional dry feeders. 


reduced because of 614 alkalinity. Cut 
overall chemical cost to $150.00 per 
day; a saving of $89.00 per day 
$32,485.00 per year! 
1 ppm 614 Outperformed 10 ppm 
lum according to the experience in 
a California municipal plant: ‘‘Nalco 
614 is doing a beautiful Job of both 
coagulation and feeding.” 


Quotes on Nalco 
614 Handling 


. Here are some typical comments on 


Nalco 614 handling characteristics: 

“IT have never seen any material 
which fed as well and as uniformly as 
Nalco 614.” 

“‘Nalco 614 flows easily, requiring 
no agitation and no banging on the 
outside of the hopper.”’ 

“It feeds as easy as rice alum. We 
have been able to whip all of the feed- 
ing problems that have plagued us...” 


Action for Your Plant 


Nalco 614 has a record of results in 
municipal water treating that comes 
close to the spectacular .. . and there 
is no reason why it cannot perform the 
same way for you. Call your Nalco 
Representative, or write Nalco direct 
for prompt action toward Nalco 614 
savings and performance in your plant. 


National Aluminate Corporation is nou 


NALCO CHEMICAL COMPANY 


©6315 West 66th Place 


Chicago 38, Illinois 


Affiliated Companies in Canada, Venezuela, Italy, Spain, West Germany 


-- + Serving Industry through Practical Applied Science 
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CONDENSATION 


(Continued from 


Com. on Water Pollution in Lyons. There 
is a full description with many tabd. details 
of the results of bacteriol. and chem. anals. 
of samples of water taken from the rivers 
Rhone at different points. In 
the conclusions it is mentioned that, al 
though no previous study comparable to the 
one here described has been carried out, 
it is possible that the use of domestic and 
industrial detergents nowadays inhibits the 
natural self-purification of rivers. The main 
anal, results of this survey have been to 
show the extreme degree of poln. of these 
rivers at certain points. These anals. and 
their repetition in the future will provide a 
scientific basis for projects to set up future 
works for water purification and for sewage 
treatment.—BH 


and Saone 


Some Considerations in the River Pollu- 
tion Mechanism. T. Gopa & S. NAMBU. 
Mem. Fac. Eng. Kyoto Univ. (Jap.), 21:57 
(59). The characteristics of the diffusion 
and transportation of suspended pollutant 
solids in rivers, based on the results of lab. 


(Continued on 


page R ) 


expts. and field observations, are given. In 
order to det. the effects of discharged sew- 
age on the quality of the downstream water, 
the changing rate of the concn. of pollutant 
matter in a river was examd. analytically. 
By comparing the theoretical results with 
the exptl. data, some quant. relations be- 
tween the discharge of sewage and the diln. 
factor were obtained for 2 cases: (1) where 
the sewage is supplied intermittently to a 
river and is soon distributed uniformly ove 
the cross section, and (2) where the effluent 
is discharged continuously from one. side. 
The transportation mechanism of pollutant 
matter from the Neya R., which is regarded 
as the main source of pollution for rivers 
and canals in Osaka City, was investigated. 
Practical remedies are proposed for reduc- 
ing the degree of pollution in the waters 
of the Osaka area —CA 


River Pollution in Tidal Waters. T. L. 
Coxon. Contract. Rec., 69:29:16 (’58). 
The problem of the present extensive poln. 
of the tidal reaches of the Tyne R. is dis- 
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Now you can eliminate hand operation of hard to 

located vaives with economical, easy-to-install Va 

@ No special engineering or special tools 

®B No disturbance of piping or adjustment of valve 
®B No downtime of the system 

B No replacing of existing valves 

@ No special wiring 


Low initial cost. Minimum installation cost 


Convert valves 

=—>manual to electric 
operation in as little as 

4 hours with 

Valvmatic® Valve Actuator. 


Valvmatic converts 


either existing or new valves to push-button locally or remotely 


controlled operation 
applications. 


Suited also to automated or microwave 


High torque, instantly reversible motor, either totally enclosed or 
explosion-proof. Torque and position control for both directions of 
operation. If power fails, valve can be restored to manual operation 
in a few seconds. Performance tested by leading industries. 


Cc. H. Wheeler Manufacturing Co. 


19th and Lehigh Avenue, Philadelphia 32, Pa. 


Write for Catalog V-200 today! 
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A MILLION GALLONS FOR THE HEART OF WHEAT BELT 
Despite its vast granaries and elevators for Kansas wheat, the city of Hutchinson was 
very short on water storage. This situation has now been remedied by this handsome 
million-gallon elevated water tank, built of enduring steel. Designed, fabricated and 
erected by skillful Graver engineers, it rises 125’ to the low water level and provides ample 
storage and pressure for the city’s present and future needs. Forward-looking cities, like 
Hutchinson, regularly turn to Graver for significant water tank improvements. 


GRAVER TANK & MFG. Co. EAST CHICAGO, INDIANA 


DIVISION—UNION TANK CAR COMPANY 
Plants and Offices Across America 
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CONDENSATION - 


FOR 
WATER 
SERVICE 


MODEL 8 
TAPPING 
MACHINE 


TAPPING 
MACHINES 


wne of a 
complete line of 
Water Service 
Products 


GENERAL PRODUCTS DIVISION 


HAYS MFG. CO. 


ERIE, PA. 
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cussed fully, and the delterious effects of 
this poln. on human health and fish life are 
emphasized. Sewage from the whole of 
Tyneside is pumped, untreated, straight into 
the river, and that, together with the dis- 
charge of trade waste waters, has resulted 
in the existence of anaerobic conditions in 
the river for 12 mi along its course. Hy 
drogen sulfide and gases of the methane type 
are given off, and the river has completely 
lost its capacity for self-purification. This 
is accentuated by dredging, which is bene 
ficial to shipping, but is deetrimental to the 
mixing of sea and river water, and hence to 
aeration. Remedial measures recommended 
are, that there should be no further dis- 
charge of crude sewage to the river, and 
that the sewage should be treated, or dis- 
posed of at sea. Disposal at sea is costly, 
and it may be inadequate and result in the 
poln. of bathing beaches. Sewage treatment 
is also costly, but it would give an effluent 
pure enough to be returned to the river, thus 
returning some of the water first removed; 
and the sludge could be used either for fill- 
ing disused mines and quarries if untreated, 
| or for fertilizer after treatment, thus offset- 
| ting the cost to some extent. The 2 projects 
are compared, other advantages and disad 
vantages of each being discussed, and the 
need for immediate action is stressed —_WPA 


Slime Infestation—Literature Review. M. 
FE. Harrison & H. HEUKELEKIAN. Sew. & 
Ind. Wastes, 30:1278 (’58). The work of 
various investigators on the development of 
| slime growths in pold. streams is reviewed 
and discussed. Such slime growths are usu- 
ally the result of excessive development of 
the sheathed filamentous bacterium, Sphaero- 
tilus natans, or of the aquatic fungus, Lepto- 
mitus lacteus. The flocs of these organisms 
may form a suitable habitat for a variety of 
| other micro-organisms. Sphaerotilus can use 
| as carbon sources a wide variety of organic 
| compds., including mono- and di-saccharides, 
| organic acids, alcohols, and amino acids. 
Leptomitus can utilize certain organic acids, 
but sugars appear to be unavailable. Cul- 
| tural expts. show that fairly good growth of 
| Sphaerotilus results when nitrate is the ni- 
| trogen supply, but for luxurious growth an 
organic nitrogen source, such as amino acids, 
is necessary. Leptomitus cannot grow when 
ammonium salts or nitrates are the sole 
| source of nitrogen, but appears to be able 


| (Continued on page 78 P&R) 
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Produces 

The MOST Trench 
for the 

LEAST Money! 


USUAL OVERALL COST 


PER 
LINEAL FOOT 


including operation, 
maintenance, depreciation! 


12 8” | 


Cut costs on service line trenching 
with Ditch Witch! The 12 HP Model 
M-3272 illustrated digs at 1% to 
6 FPM—even up to 12 FPM, de- 
pending upon soil. Chart at right ; 
shows standard trench sizes. Other —e 
models offer different ranges. 


AWWA CONVENTION 
Bal Harbour, Florida 


2’ 


See Us at the 


enclosed by 649 BIRCH STREET 


CHARLES Machine Works, Inc. PERRY, OKLAHOMA 


Here’s the Fast Economical Way 
4 O TRENCH FO 
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Servic 
— 
Ps 
q 4 


(CONDENSATION 


salts when certain 


Sphaerotilus grows 


to utilize ammonium 
amino acids are present. 
best at pH values above 6.0, and can with 
stand alkaline conditions at least up to pH 
80. Leptomitus can exist below pH 2.5, 
and the optimum pH range is 5.4-60. Both 
types of infestation are often more obvious 
during the colder months of the year, but 
there are indications that this is not due 
solely to temp., but that other factors, such 
as a better oxygen supply or greater accu- 
mulation because of reduced metabolic activ- 
ity, may be important. foth organisms re- 
quire an aerobic environment. The effect 
of streamflow varies, according to whether 
oxygen or food supply is the limiting factor. 
Detachment of living or dead growths may 
occur as a result of scouring, of cessation 
of food supply, of decompn. of the attached 
portion, or of excessive growth in relation 
to a given river flow. If such detached 
erowths become reattached, a secondary area 
of infestation occurs.—WPA 

Protection of Ground Water Against Pol- 
lution by Liquids. W. Garsster. [Vasser, 
Luft. u. Betrieb. (Ger.), 2:61 (758). The 
Bundesverband der Deutschen Industrie has 
drafted proposed standards for the material 
and construction of tanks and pipes for the 
storage and conveyance of liquids which, if 
permitted to seep into the ground, would 
render the ground water unuseable for sup- 
ply. The proposals are based on investiga- 
tions of an association representing the vari- 
ous interested industries and bodies. The 
proposals, which deal with the use of un- 
alloyed steel for the plant, cover the con- 
struction, operation, and supervision of the 
plant. It is recommended that they be in- 
corporated as soon as possible in an official 


standard.—_W PA 


Pollution of Water and Protection of 

E. Sanzor. Bul. Centre Belge 

> et Document. Eaux (Liege), 40:155 

In a paper presented at a meeting 

in Liege in '58, the author discussed the 

causes and nature of the poln. of surface and 

especially of ground water, giving various 

examples of the occurrence of poln. due to 

trade waste waters and heavy rainfall, and 

described legislative and tech. methods for 
preventing poln. of ground water.—ll’PA 


(Continued on 
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3 (Continued from page 76 P&R) 
Cross Section Surveys as a Method of 


Evaluating the Self-Purification Capacity 
of a Stream. T. F. Wisniewski. Tappi, 
42:67 (59). Studies carried out jointly by 
the Sulphite Pulp Manufacturers’ Research 
League and the Wisconsin Committee on 
Water Pollution have shown that single sam- 
ples collected from carefully selected stations 
in clean streams or in recovery zones where 
the streamflow is known, may be used for 
evaluation of stream quality, but single sam- 
ples from pold. zones are of limited value 
for detn. of purification capacity. For accu- 
rate evaluation of purification capacity it is 
necessary to carry out detailed cross section 
surveys which take into account the chan- 
nelling of wastes and the variable distribu- 
tion of flow across the stream. Results of 
such studies have shown that higher poliu- 
tional loadings may be permitted at lower 
temps.—_WPA 


Experimental Investigations on Damage 
to Self-Purification Processes by Poisons 
in Waste Waters. H. Kwnoepr. Deut. 
Gewaesserkundl. Mitt. (Ger.), 2:79 (’58). 
Damage caused to self-purification processes 
by a specific poison or a complex waste 
water can be assessed on different biol. re- 
actions, the bact. decompn. of organic im 
purities with simultaneous consumption of 
oxygen, and assimilation by water plants 
of products of mineralization with simul- 
taneous biogenic reaeration of the water. 
The author describes series of expts. on the 
effect of Purapid plv. (technical phenyl 
mercuric acetate) on the decompn. of pro- 
teins, and on the effect of Purapid LO (25% 
phenyl mercuric oleate in neutral oily sol.), of 
hydroquinone, and of a complex waste water 
on the assimilation actvity of water plants. 
The assimilation tests were made by treat- 
ing parallel series of samples, to one series 
of which algae had been added; the differ- 
ence between the resid. contents of oxygen 
shows the effect of the added substance on 
assimilation. Purapid plv. in conens. of 
about 0.0035 mg/l reduced decompn. of pro- 
teins by more than 50%. Purapid LO giv- 
ing concns. of less than 0.0009 mg/I phenyl 
mercuric oleate reduced assimilation by about 
56%. Conens. of about 1.7 mg/l of hydro- 
quinone reduced the assimilation activity be- 
low the “compensation point,” the point at 
which it is outweighed by the simultaneously 
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Only with 
ORANGEBUR 
SP Phastic Pipe 
can you offer 
a 20-year 
guaranty 


Wh Hing | \nd what a wonderful way to be sure isfied cus- 
tomers! Point out you use slit-proof Orangeburg SP—the only plastic pipe 
Guaranteed and Bonded for 20 years for cold water service. Under terms of 
the Bond, repairs or replacements (INCLUDING LABOR COSTS) due to failure 
of the pipe will be made at Orangeburg’s expense. The Bond wil! be made 
out in your customer’s name; for him to keep. After your SP installation 
is completed simply mail “Request for Bond” Form to Orangeburg. After 
approval, Bond will be sent direct to your customer. Why not take advan- 
tage of this amazing Bond offer on your next job. See your Authorized 
Orangeburg Wholesaler or write Dept. JA-50. 
Approved for drinking water by National Sanitation Foundati s«™ 
FLINTKOTE 


ORANGEBURG MANUFACTURING CO. « Orangeburg, New York 
A Division of The Flintkote Company. Manufacturers of America’s Broadest Line of Building Products 
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LOWER SERVICE COSTS 


with the improved AQUA 


‘sox. LOCATOR! 


STOCK this 
useful tool for 
every service 
CAR and 

f CALL 


Speed 
Locating Keep 
Customers Happy 
e NO WIRES, BATTERIES or SWITCHES— 
simple, powerful magnetic action, factory 
adjusted to YOUR geographical location 
assures unfailing results! 


NO NEEDLE SPINNING—exclusive electric 
braking action saves you time! 


NO STOOPING—easy top-view reading! 
RUGGED—compact, accurate, convenient 


GUARANTEED—to function regardles 
weather, surface or ground cover! 


NATION'S MOST WIDELY USED LOCATOR! 


15-DAY FREE TRIAL—No money! No obli- 
gation! You be the judge! 


ORDER NOW- Wire or Call 
Kirby 1-4200 collect 


AQUA SURVEY & INSTRUMENT CO. 


FIND LEAKS FASTER 


WITH THE 
AQUA SURVEY Only 


4 $4.50 


NOW 


RUGGED! SENSITIVE! 


Super -sensitive scientific pre- 

tuned diaphragm without me- 
chanical connection between diaphragm and 
probe, makes this the industry's most dur 
able instrument. Genuine molded Bakelite 
case. Unconditionally guaranteed against 
mechanical failure for life of instrument! 
Order one for every service man. 2 Ft. probe 
Extension $2.25 


AQUA SURVEY & INSTRUMENT CO. 


824-3 North Bend Rd.. Cincinnati 24, Ohio 
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proceeding respiration. Similar effects were 
produced by phenols, free ammonia, many 
products of mineral oils, and benzole deriva- 
tives. Analysis of the waste water used in 
the fourth series does not suggest any serious 
harmful effect but the assimilation test 
showed it to be strongly toxic with a min. 
harmful concen. below 1:1000. The various 
purposes for which the assimilation test 
could be used are discussed.—Il’PA 


Hygienic Norms for the Amounts of the 
Poisonous Products (Isoprene and Di- 
methyldioxane) of Synthetic Isoprene- 
Rubber Production in the Water of Res- 
ervoirs. N. V. KLIMKINA. Gigiena i Sanit. 
(Moscow), 24:6:8 ('59). The following 
conens. (in mg/l) are reported tor CHz2: 
CMeCH:CHe and 4,4-dimethyl-1,3-dioxane 
(I) resp.; detectable by odor, 0.005, 2.5; 
max. not affecting the sanitary regime, 30, 
30; threshold for action on warm-blooded 


, animals, 5 (0.25 mg/kg), 0.005 (0.00025 


mg/kg); suggested max. in water, 0.005, 
0.005. The rate of O consumption, the 
glycogenic ability of the liver, the conditioned 
reflexes, and the catalase content of the 
blood of rabbits were followed for periods 
of 4-5 mo. Stomach secretions hydrolyze I 
forming HCHO.—CA 


Toxicity Index Proposed. Chem. Eng. 
News, 36:52:26 (’58). A method for detg. 
the “toxicity index” of chems. has been de- 
veloped by Hermann for use in detg. the 
polg. effect of waste waters discharged to 
streams. The toxicity of each chem. to 
bacteria grown on a standard medium is 


| detd., and the concns. of the chem. are plotted 


against the BOD in a toxigram. If the 
oxygen demand increases with increasing 
conen. the chem. is not toxic, but if the 
oxygen demand decreases the chem. is toxic. 
The toxicity of different chems. can be com 
pared by comparing the TC» points—the 
point on the curve where a specific concen. 
of the chem. inhibits the oxygen demand by 
50%. —W PA 


Toxicity Index for Industrial Wastes. E. 
R. HerMAnn. Ind. Eng. Chem., 51:84A 
(59). A toxicity index is presented which 
is based on the inhibition of the BOD by 


| the toxic agent. Both dild. sewage and syn- 


thetic culture media have been employed in 


(Continued on page 84 P&R) 
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Controls 
elevation of 
water 
in 
tanks, basins 
and 
reservoirs 


ALTITUDE VALVE . Single Acting 


2. Double Acting 


Maintains 
safe operating 
pressures 
for 
conduits, 
distribution 
and pump 


discharge 
SURGE-RELIEF VALVE 


Maintains 
desired 
discharge 
pressure 
regardless 
of change 
in 
a rate of flow 
REDUCING VALVE 
Regulates pressure in gravity 
and pump systems; between reser- 


voirs and zones of different pres- 
sures, etc. 


A self contained 
unit with 
three or more 
automatic 
controls 


COMBINATION VALVE 


Combination automatic control 
both directions through the valve. 


Maintains 
levels in tank, 
reservoir 
or basin 


1. As direct 
acting 
2. Pilot oper- 
ated and with 
float traveling 
between two 
stops, for upper 
and lower limit 
of water eleva- 


FLOAT VALVE tion. 


Electric remote 
control— 
solenoid or 
motor 
can be 
furnished 


REMOTE CONTROL VALVE 


Adapted for use as primary or 
secondary control on any of the 
hydraulically controlled or operated 
valves. 


Packing Replacements for all Ross Valves Through Top of Valve 


ROSS VALVE MFG. CO., INC., P. 0. BOX 593, TROY, N.Y. 
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WILL PERFORM 
FOR A CENTURY 

WITH A RIVER 
ON ITS BACK 


At left, you see a length of cast iron 
pipe being installed under the Floyd 
River in lowa. This is part of a water 
feeder main which will reinforce the 
existing water supply system. 

Despite the severe conditions of a 
river overhead, the inherent rugged- 
ness of cast iron pipe promises at 
least a century of trouble-free per- 
formance, and rarely requires repairs 
or replacement. 

And cast iron pipe’s cement lining 
assures a continued full flow of water 
year after year. It’s no wonder that 
more than 90% of the pipe used for 
water supply systems in our 50 
largest cities is cast iron pipe! 


CAST IRON PIPE RESEARCH ASSOCIATION 
Thos. F. Wolfe, Managing Director 
3440 Prudential Plaza, Chicago 1, Illinois 
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CAST IRON PIPE 


THE MARK OF THE 100-YEAR P __" 
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the test. The toxic effects on BOD of 33 
chemicals are described. Toxigrams may be 
obtained for the toxic agents by plotting the 
% available O utilized against the: concn 
of the toxicants semilogrithmically. The 
toxigrams appear to fall into 5 types. Type 
1 includes the simple poisons where there is 
some effect at all conens., but in which the 
toxic effect increases with increasing dosage. 
there is no real effect on th 
BOD test over the range of conens. In 
Type 3, are included the reducing agents 
where the O utilization is increased as the 
conen. of toxicant is increased. In Type 4, 
the substance first exerts an O demand of 
its own, then, as the concn. increases, O 
utilization is greatly inhibited. In Type 5 
there is at first no effect, than an inhibition, 
and then a return to no effect. This latter 
effect. was produced only by AcH. From 
the toxigram, the TC», or the toxic concen 
producing a 50% inhibition, can be detd 
CA 


In Type 2, 


Problems of Practical Conduct of Stream 
Protection. H. Koester. Gas- u. Wasser- 
fach. (Ger.), 99:128 (’58). A general sur 
vey is given of the many practical problems 
to be taken into account in measures for the 
protection of streams from poln.—IV’PA 


Some Methods Currently Employed to 
Reduce River Pollution. J. B. Ley. Com- 
monwealth Engr. (Australia), 45:8 :62 (’58). 
The author outlines briefly the types of and 
effects of poln. and describes methods of 
sewage treatment and the treatment of trade 
waste waters, particularly radioactive waste 
waters. The costs of treatment are indi- 
cated. The constitution and duties of river 
boards are outlined. He points out the im 
practicability of setting up a universal stand- 
ard of purification, and stresses the need for 
individual standards for particular rivers or 
stretches of rivers —W PA 


Effects of Suspended Matter in Waste 
Water. R. D. Hoax. Munic. Utilities 
Mag., 96:5:38 (’58). In a paper presented 
at the Ontario Industrial Waste Conf., May 
57, the author gave a report on investiga- 
tions in progress to provide quant. data con- 
cerning the effects of suspended matter dis- 
charged to rivers. Several aspects of the 
problem of suspended matter require inves- 


tigation. Flume studies have been made to 
devise formulas for predicting slit loads in 
rivers and results using Lamar’s photometric 
method for detg. particle size of suspended 
solids are summarized. Data from the flume 
studies indicate that the amt. of settling with 
laminar flow is less than it is for turbulent 
flow.—IV PA 


The Development of Methods for Using 
Bio-Assays in the Control of Pulp Mill 
Waste Disposal. C. E. Warren & P. 
Doupororr. Tappt, 41:8:211A (’58). The 
authors describe expts. being carried out at 
Oregon State College on the bio-assay of 
waste waters from the manufacture of cellu- 
lose, to det. the permissible concns. of such 
waste waters which may be discharged to 
streams. Young guppies are used as the 
test animals; the test procedure is described 
in detail. The method used for detg. the 
“application factor,” by establishing a definite 
relation between the results of short-term 
tests and the long-term effects of the waste 
waters on the biota of the receiving stream, 
is also discussed. For this purpose, use is 
made of artificial streams, made from wooden 
troughs contg. stream bottom materials and 
river water which is renewed continually, 
and various fresh-water animals and plants 
are introduced. The effect of adding the 
desired concn. of waste water to the river 
water can then be observed. The problem 
of slime growths in streams receiving pulp 
mill wastes is discussed; methods are being 
developed to study the slime production po 
tential of waste waters from different mills 
—WPA 


The Problem of Pollution From Indus-— 
trial Waste Water, With Particular Ref- 


erence to Tannery Wastes. V. KUBELKA. 
Rev. Tech. Inds. Cuir (Czech.), 50:147 
("58). Author discusses the poln. of water 
from industries (coal, mining, chem., food, 
tanning, etc.) and states that it is 20-50 
times more severe than that from city sew- 
age systems. The industrial waste water 
may contain materials with or without the 
same qual. compn., and having the same or 
different concns. The tannery wastes are 
fundamentally different in comyn. and concn. 
at various times of the day, and their prop- 
erties vary accordingly. Author suggests 
some ways of minimizing water poln. in 
industrial areas —CA 
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USE NORTHERN GRAVEL 


for 


RAPID SAND FILTER 


FILTER SAND SPECIFICATIONS are 


carefully laid out. The Effective Sizes and Uniformity Coeflicients 
used by Consulting Engineers and also recommended by the Ameri- 
can Water Works Association are the result of long years of research 
and experience. 

The Northern Gravel Company is equipped to give you prompt 
shipment whether it be one bag or many carloads, exact to specifi- 
cation. Filter sand can be furnished with any effective size be- 
tween .35 MM and 1.20 MM. 


CHEMICAL QUALITY of the filter sand is also im- 


portant. It must be hard, not smooth and free of soluble particles. 
This requires perfect washing, and grading facilities. We have every 
modern device for washing, drying, screening and testing. 


FILTER GRAVEL supporting the Filter Sand Bed must 


be, in turn, properly graded to sizes calculated to support the Filter 
Sand, and be relatively hard, round and resistant to solution. 

The new Northeast Station in the City of Detroit, recently com- 
pleted, is one of the major projects included in the water depart- 
ment’s expansion program. The Northern Gravel Company fur- 
nished 120 carloads of filtering materials for the 48 rapid sand 
filters incorporated in this plant. 

Northern Gravel has no equal in facilities and our reserves of both 
sand and gravel are inexhaustible. Northern Gravel Company has 
been in business over 45 years. We guarantee uniformity of products 
and our records enable us to duplicate your requirements on short 
notice. Our location is central and we have commodity rates in 
every direction. 


NORTHERN GRAVEL COMPANY 


Muscatine, lowa 


P.O. Box 307 Phone: Amherst 3-2711 
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The Treatment and Disposal of Wash 
Water Sludge. P. W. Doe. J. Inst. Wtr. 
Engrs. (Gr. Br.), 12:409 (58). Expts 
are being carried out to find a mechanical 
method of dewatering sludge at the Stocks 
filtration plant of the Fylde Water Board 
where, as the result of coagulation of peaty 
water with aluminium sulfate, about 8,000 
val of sludge, contg. 14-2% solids are pro- 


duced each day. At present the sludge is 


discharged to a lagoon and after drying for 
12-18 mo it is transported to a sludge tip. 
lxpts. have already shown that it is possible 
and economical to dewater the sludge me- 
chanically in circumstances where lagooning 


is impossible or undesirable. The process 
visualized for use at the Stocks plant would 
probably consist of 3 stages: first, sedimenta- 
tion and prelim. thickening in a sedimentation 
tank adapted to permit prelim. stirring, pro- 
ducing a sludge contg. not less than 23% 
solids; secondly, further thickening by slow 
stirring to about 69% solids ; and thirdly, final 
dewatering by either pressing, heat  treat- 
ment, or freezing. A detailed account is 
viven of expts. on the effect of stirring. 
Expts. are still in progress to det. whether 
results obtained with exptl. equip. are ap 
plicable to full-scale plant, for tanks of vari- 
ous shapes and. stirrers of various types, 
and to investigate the effects of the initial 
thickness and compn. of the crude sludge. 
An account is also given of the more im- 
portant methods studied for the final de- 
watering including the use of freezing, filter 
pressing, filtration through porous ceramics, 
and electro-osmosis (not practicable), and, 
in an appendix, the various methods of sludge 
dewatering are compared, with reference to 
the operating range of sludge thickness, the 
economical range of the process, the proper- 
ties of the endproduct and the filtrate or 
supernatant liquor, and the advantages and 
disadvantages of the methods. The conclu- 
sions of the expts. on freezing were that the 
time taken to freeze the sludge is critical 
(since quick-freezing produced little change 
in the colloidal nature of the sludge, whereas 
after slow freezing for 2 hr the solids re- 
maining after thawing could be filtered in a 
few minutes); the temp. during freezing 
and thawing, and the duration of thawing 
have little effect; the sludge must be com- 
pletely frozen and must remain frozen for 
a short period; the initial thickness of the 


(Continued on 


sludge has no effect; and the phys. change 
which occurs during freezing is irreversible. 
The expts. on filter pressing were aimed at 
devising methods to produce a dry cake in 
a shorter time or to provide sloppy cakes for 
subsequent freezing. Filter pressing at high 
pressures appears to be feasible, but it would 
be imperative in practice to det. the most eco 
nomical method of operation, particularly the 
optimal length of filter run. The Stocks 
sludge is not suitable for vacuum filtration 
Using porous ceramics, the sludge could not 
he thickened to more than 8% solids, but 
the low operating costs might make the 
method useful as an auxiliary 
Modifications to the sedimentation tanks were 
also made in an attempt to increase the 
thickness of sludge deposited at certain 
points. The choice of a method for the 
final dewatering stage has yet to be made, 
and the advantages and disadvantages, and 
the costs, of filter pressing, heat treatment, 
and freezing, are compared. Both heat treat 
ment and freezing produce dried sludge in 
which reversion to the colloidal state cannot 
occur; this is an advantage in disposal by 
tipping since top soil can be spread on the 
tip and seeded or planted. In discussion, 
Porteous described expts. on the heat treat- 
ment of Stocks sludge; after treatment at 
a min. temp. of 320°F, rapid settling of the 
sludge occurred and the cake could be sub- 
sequently dried by filter pressing, vacuum 
filtration, or even on drying beds. Warbur- 
ton described the equip. used in the freezing 
expts. A statement from Barrett and Palin 
included information on the freezing of alum 
sludge at the Harwell plant, and on_ thi 
use of alum sludge in the brick-making in- 
dustry, for recovery and reuse of aluminium 
sulfate, and for production of other alu- 
minium compds. In a written communica- 
tion, Pepper described the treatment of alum 
sludge at another water works. The sludge 
is separated from the wash water by sedi- 
mentation, occasionally with the addn. of a 
block of aluminium sulfate, floating in a 
wooden cage. The residual sludge, having 
a thickness varying up to 4%, is discharged 
to lagoons from which clear supernatant 
liquor and rain water are siphoned off, and 
the sludge reaches a thickness of about 9%. 
The sludge is then spread in thin layers on 
surrounding land, and dries in 3-4 weeks, 
the underlying growing through it. 
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_Photomacrograph shows perfect 
bead form of AMBERLITE 200, 
free from cracks and crazes. 


AMBERLITE 200 


Introducing new durability for lon Exchange Resins 


AMBERLITE 200 represents an entirely 
new concept in polymer chemistry. 
A high capacity, strongly acidic cation 
exchange resin, AMBERLITE 200 has 
physical and chemical stability un- 
matched by any available cation 
exchange resin. 


These are some of the outstanding 
features of AMBERLITE 200... high 
resistance to oxidation, especially in 
water containing chlorine, oxygen 
and metals such as iron, copper and 
manganese; perfect bead form, free of 
cracks and crazes; high attrition re- 
sistance; stability over the entire pH 
range; insolubility in all common solvents 


In water treatment in either hydro- 
gen or sodium cycle operation, the 
exceptional bead characteristics of 
AMBERLITE 200 make possible more 
rapid and complete bed classification, 
low losses from mechanical attrition, 


and greater freedom from bead frac- 
ture caused by thermal and osmotic 
shock. For example, 2000 regenera- 
tion-exhaustion cycles using satur- 
ated brine and calcium chloride 
showed no measurable resin break- 
down, whereas conventional cation 
exchange resins showed failure of 
from 20 to 75 percent. 


Write for full information and 
samples on this radically new 
AMBERLITE resin. 


AMBERLITE is a trademark, Reg. U.S. Pat. 
Off. and in principal foreign countries. 


ROHM HAAS 


THE RESINOUS PRODUCTS DIVISION 


hington Square, Philadelphia 5, Pa. 
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Sedimentation in the lagoons was retarded 


by high pH values, and was improved by 
addn. of alum and by frost-—IVP)A 


Research and Experiments on the Prob- 


lem of Radioactive Substances Contained 


in Water. 


H. Koente. Bul. Centre Belge 
Etude et Document. Eaux (Liege), 2:40: 
124 (58). Following a general review of 
water-cooled types, tolerance levels 
for radionuclides and techniques of measur 
inv radioactivity, the author reports the re 


reactor 


sults of studies he has carried out on levels 


radioactivity in Khine R. The levels 
averaged 0.12 X 10° we/ml, of which 0.04 » 
107 wce/ml is due to K“. The levels of 
activity in atmospheric fallout were deter 
mined in rain and dustout was collected on 
vaseline-coated sheets. Data are reported 


for Cologne and Duesseldorf for the period 


Sep. 30 to Nov. 25 ('57). Weekly activity 
levels ranged from 6 to 660 * 10 we/sq m. 
A plot shows the relationship between activ- 
ity in rain and in the Rhine R. water. Re- 


sults are reported on the degree of removal 


(Continued on 


DARLEY MAGNETIC 
DIPPING NEEDLE 


with 3 section 
telescoping 
handle 
$22.25 


Write Today for 
100-Page Catalog 


W. S. DARLEY CO. 
Chicago 12 


of Sr”, Cs, and a mixt. (3:1) of Sr” and 
Cs'” from water by chem. pptn. Depending 
on the hardness of the water and chem. 
agents used, Sr® removals ranged from 58 
to 97%. A removal of 5% of the Cs was 
removed by alum coagulation. Intermediate 
values were obtained for the mixt. Sr” and 
Cs™. Further studies utilizing cation, anion, 
and mixed-bed resins, as well as zeolite beds 
gave a decontamination factor in excess of 


10° —PHEA 


Necessary Means for the Protection of 
Water Supplies in the Development of 
the Atomic Industry. W. Drosex. Staedte- 
hygiene (Ger.), 9:6 (58). Commission on 
Radivactive Substances and Water, formed 
by Verein von Gas- und HW asserfachmannern, 
the Verband der deutschen Gas- und Wasser- 
werke, the Abwassertechnische V eremigung, 
and the Gesellschaft deutscher Chemiker 
(Fachyruppe Wasserchemte), has formulated 
minimum requirements for the disposal of 
radioactive wastes so that water, and thereby 
public health, may not be harmed. Author 
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Switch to 


ANTHRAFILT™ 


the MODERN 
All-Purpose Filtering Medium 


Anthrafilt Offers Many 
Advantages Over Sand and Quartz 


@ DOUBLES length of filter runs. 

@ REQUIRES only half as much wash water. 

@ KEEPS Filters in service over longer periods. 

@ INCREASES Filter output with better quality 
effluent. 

@ GIVES better support to synthetic resins. 

@ PROVIDES better removal of fibrous materials, 
bacteria, micro-organic matter, taste, odor, 
etc. 

@ IDEAL for industrial acid and alkaline solutions. 

@ EFFECTIVE filtration from entire bed. 

@ LESS coating, caking or balling with mud, lime, 
iron, or manganese. 


Write for further information, 
test und quotations to: 


PALMER FILTER EQUIPMENT CO. 
P.0. Box 1696—822 E. 8th St., Erie, Pa. 
Representing: 
ANTHRACITE EQUIPMENT CORP. 
Anthracite institute Bidg., Wilkes-Barre, Pa. 
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World of 
Dampness 
and Corrosion= 


CONCRETE 
CYLINDER PIPE 


In the world of dampness and corrosion the most 
reliable material for permanent water supply and 
transmission lines is ageless concrete, working to- 
gether with steel in a properly engineered composite 
structure. Concrete grows stronger with age, effec- 
tively resists soil stresses, and protects steel from 


electrolytic action and corrosion. American Concrete 


Cylinder Pipe is designed to obtain maximum ad- 
vantage of the strength of steel and the protective 
characteristics and permanence of concrete. Properly 
installed, an American Concrete Cylinder Pipeline 
will retain its high flow capacity indefinitely with- 
out maintenance. Investigate the immediate and 
long-term economies of this superior quality pipe. 


American Pipe and Construction Co. + Los Angeles + San Diego 
Hayward « Portland «+ 


Bogota, Colombia 


A MEMBER OF THE AMERICAN CONCRETE PRESSURE PIPE ASSOCIATION 
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quotes these requirements, which deal with 
safety limits for the content of radioactive 
radiation and radioactive isotopes in water, 
choice of sites for atomic plants, methods of 
disposal of radioactive wastes and protection 
of water, soil, and air, and cooperation be- 
tween water utilities and atomic industry. 


WPA 


Safe Disposal of Waste From Atomic En- 
ergy Establishments. B. A. Lister. Sur- 
veyor (Lond.), 117:497 (’58). An extract 
from a paper presented at the Royal Society 
of Health’s Congress at Eastbourne, Apr.- 
May ’58. Factors to be considered in assess- 
ing amt. of radioactivity which may be safely 
discharged to a river are discussed with par 
ticular reference to use of water for drinking 
purposes; effect of biol. concn. in aquatic 
vegetation, in soils, and in fish; removal of 
activity by biol. organisms; and use of river 
for recreational, agricultural, and industrial 
purposes. Factor limiting discharges from 
Atomic Energy Research Establishment at 
Harwell, Atomic Weapons Research Estab- 
lishment at Aldermaston, and Radiochemical 
Centre at Amersham is use of river water 
for drinking purposes, the 3 points of dis- 
charge being above water supply intakes. 
Radioactivity in effluent is divided into 4 
classes and formulas are given for calcg. 
permissible discharge into a river, taking into 
account flow of river. Using Thames as 
an example, formula leads to present au- 
thorized max. permissible discharge from 
Harwell of 20 curies per mo. Waste waters 
at Harwell need chem. treatment before 
discharge. Capacity of treatment plant is 
30,000 gph; efficiency for removal of alpha 
activity is 98% and for mixed beta activities 
about 80%. A new pilot plant designed to 
treat 5,000 gpd by sludge-blanket precipita- 
tion and ion exchange on vermiculite is 
operating at efficiencies of 99.8% and 95- 
99%, respectively. Disposal of waste waters 
from Windscale plutonium factory through 
a pipe extending for 2 mi along sea bed is 
discussed in relation to local conditions; a 
discharge of more than 5,000 curies per mo 
is permissible. Expts. have also been carried 
out to investigate probable fate of radio- 
active material discharged into sea off the 
Dorset coast from new atomic energy estab- 
lishment at Winfrith Heath. Disposal of 
solid radioactive waste, with or without in- 
cineration, is also discussed.—W PA 
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Some Data on the Effect of Radioactive 
Strontium on the Processes of Self-De- 
contamination of Water Reservoirs. \.M. 
Zuocova. Med. Radiol., 2:6:69 (’57). Re- 
sults are reported of investigations carried 
out under lab. conditions and aimed at dis- 
covering effect of various concns. of radio- 
active strontium on processes of self-purifica- 
tion of water reservoirs from organic con- 
taminants. To wide glass vessels with water 
pold. with sewage, radioactive strontium was 
added in different concns. Following detns. 
were carried out daily over a_ period of 
10-11 days: (1) tot. no. of colonies in 1 ml 
water; (2) B. coli titer; (3) pH; (4) 5- 
day biol. oxygen requirement; (5) amt. of 
ammonia nitrogen; (6) nitrites; (7) ni- 
trates. It was found that the presence of 
Sr® and Sr”: in water in concns. not ex- 
ceeding order of 10 c/l exerted no inhibi- 
tory effect on water microflora and on min- 
eralization of organic substances. Sr® in 
conens. down to 10° c/1 did not affect multi- 
plication of B. coli in synthetic medium at 
37°C, but inhibited its multiplication to some 
extent during first 4 hr when concn. was 
10° c/l. Sr® concen. down to 107% had no 
negative influence on viability of B. coli in 
physiol. soln. at room temp. Concns. of 1.3 
x 107 c/l caused more rapid death of B. coli 
(75-80% during the first 24 hr), but even 
at such high conens. of radioactive strontium, 
3-5% of bacilli remain resistant to radiation. 
Concns. of radioactive strontium which gain 
access to water and sediment in open water 
reservoirs by way of sewage and waste wa- 
ter will not exert an inhibitory effect on 
microflora present in water and on processes 
of self-purification—PHEA 


Magnesia Pulping Breaks Pollution Stale- 
mate. Chem. Eng., 18:60 (’58). To reduce 
poln. of Androscoggin R., Berlin, N.H., pulp 
mill of Brown Co. now employs magnesia 

base pulping process, with recovery of chemi- 
cals. Waste water is conced. in a multiple- 
effect evaporator to give a liquor with a 
solids content of 55-60%. Liquor is then 
burned to yield a gas containing sulfur di- 
oxide and fine suspended magnesium oxide 
ash. After sepn. from gas, magnesium oxide 
is slaked to magnesium hydroxide, and slurry 
is brought into contact with flue gas to ab- 
sorb sulfur dioxide, forming fresh magne- 
sium bisulfite liquor. A flow diagram of 
process is given—WPA 
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“I screamed for pump service 


and they send mea salesman!” 


“40-dozen housewives ... the mayor... and every 
important business man in town on my back and 
the manufacturer sends out a salesman to fix my 
pump. That beats anything I ever heard . . . expect- 
ing a salesman to double as a serviceman... I need 
a man who knows pumps and fixes pumps for a 
living. I need him bad... RIGHT NOW!” 


Trained service . . . one of the inherent qualities 
you get when you buy Allis-Chalmers. Industrial 
Equipment Division, Allis-Chalmers, Milwaukee 
1, Wisconsin. A-1250 


ALLIS-CHALMERS GIVES 
TRAINED SERVICE 


At Allis-Chalmers, the servicemen ‘“‘serv- 
ice’ and the salesmen sell. Every regional 
office has available a network of specifi- 
cally factory-trained men to service 
pumps “‘on the spot.” Certified Service 
Shops can rebuild equipment quickly... 
save you transportation expense and 
time. When you call for service, you get 
service...from servicemen. The quickest 
and best offered by any pump manufac- 
turer. 
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BOILERS AND FEEDWATER 


Removal of Oxygen From Feedwater for 
Boiler Plants. Gas- u. Wasserfach. (Ger.), 
99 :673 ('58). When sodium sulfite is used 
for removing dissolved oxygen from boiler 
feedwater, a considerable excess is required 
Sodium sulfate and some excess sodium sul 
fite remain in soln. and may deposit in the 
boiler tubes, impairing the efficiency of heat 
transfer. At high temps. sufur dioxide may 
be given off, with risk of corrosion. Hy- 
drazine, on the other hand, is completely 
used up, forming water and nitrogen; at 
temps. over 230°C it forms ammonia and 
nitrogen, insuring a satisfactory degree of 
alky. in the water; and it reduces iron oxide 
on the boiler walls to magnetic iron dioxide, 
improving heat transfer—W/?PA 


Boiler Feedwater—Technology and Rou- 
tine Analysis. R. Freier. Literaturber. 
Wasser, Abwasser, Luft & Boden (Ger.), 
7:73 (58). In the first part of his book, 
which is designed to cover modern knowl- 
edge in the field of boiler feedwater, the 
author deals with the fundamental chem- 
istry of water and the theories of protective 
layers, corrosion, and erosion. The second 
part deals with methods of treatment and 
the third with measuring and recording ap- 
paratus. Recommended processes for the 
chem. analysis of boiler feedwater are de- 
scribed in the fourth part of the book.- 


Copper Deposition During the Acid Wash- 
ing of a Boiler. G. Rescn. Mitt. Ver. 
Grosskesselbesitzer (Ger.), 60:219 (’59). 
The intermediate reheater of a Benson boiler 
was washed with NazCOs soln. and then 
with dil. HCI until the HCI concen, reached 
5-6%. Then, NaF was added. A Cu color 
was noted on the walls of the uncoated mix- 
ing tank and on a steel test piece. The 
temp. of the recirculated soln. had fallen to 
40°C. Analysis indicated that the color was 
due to Cu. The Cu-coated tubes were 
cleaned with a steam-NHs-air stream; about 
1 kg of Cu was recovered. This Cu was 
attributed to the soln. of Cu from the scale 
on the tubes, which contained about 0.2% 
Cu (corresponding to the analysis of the 
tube metal). Lab. tests with a 56% HCl 
soln. contg. HF and 10-20 mg/l! Cu indi- 
cated that a layer of Cu would plate out on 
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a clean surface in 2-3 hr at 50°C, but not 
at 70°C. Further tests indicated that the 
temp. of the acid wash soln. should be main- 
tained above 60°C at all times to avoid 
Cu deposition.—C A 


Feedwater and Boiler Water Standards in 
the Central Electricity Generating Board. 
R. L. Rees & F. J. Taytor. Fluid Handling, 
109:47 (59). The standards required by 
the Central Electricity Generating Board for 
boiler feedwater and boiler water are enum- 
erated. One standard treatment system only 
need be used, which can be adapted when 
necessary to the requirements of any indi- 
vidual plant. The board’s requirements for 
the conens. of dissolved oxygen, carbon di- 
oxide, ammonia, metals and metallic ions, 
sulfite and hydrazine and oil, and for the 
pH value, are stated, and conditions for 
boiler plants with natural or assisted circu- 
lation used by the board, are discussed 


WPA 


Prevention of the Formation of Boiler 
Scale in Evaporators Which Operate With 
Water From the Caspian Sea. 1. Z. 
MAKINSKU. Aserbaidshan. Neft. Khos. 
(USSR), 36:1:28 (’57). Tables are pre- 
sented showing how much NaOH and 
NazCOs must be added to the water, depend- 
ing upon the analyses for Ca, Mg, Al, Fe, 
and SO,~, and which steam pressures must 
be used in the treatment to get a_ nicely 
filtrating ppts. which is a mixt. of MgCOs, 
CaSO, and other compds. The _ water, 
treated correctly, can be used in_ boilers 
without any corrosion risk, and the treat- 
ment is economical owing to the savings in 
repair work.—C A 


Salt Damage to Boiler Metal. C. A. 
Farris Jr. Southern Power & Ind., 77:9: 
41 (59). When water is treated in an ion 
exchange plant, care must be taken to pre- 
vent the NaCl used for regenerating the ex- 
change resin being carried to the boiler. 
Suitable tests should be made. Photographs 
of boiler tubes show chloride pitting —CA 


Prevention of Damage to Boilers Obtained 
by Modern Water Treatment. E. Seys. 
Gas- u. Wasserfach. (Ger.), 99:597 (’58). 
The author deals with the design and opera- 
tion of plants for and the effects of treat- 
ment of boiler feedwater by lime, and by ion 
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Like Atlanta, Ga., you too can meet tomorrow’s increased water 


demands with clean water mains. When the coefficient of sections of 
Atlanta’s 45 year old main dropped to a low of 44, Waterworks 


General Manager, Paul Weir ordered Nationa! cleaning. Results : 7 


were outstanding. Water pressure and capacity doubled, giving 


better fire protection and higher water pressure to outlying sections. 


Do as other leading cities have done—let National 
cleaning provide for tomorrow's expansion without 
. ; capital expenditure today! We can prove that Netional 
cleaning is an investment—not an expense. 
Write us today! 
TIONAL WATER MAIN CLEANING COMPANY 
50 Church Street ° New York, NY. 


333 Candler Building, Atlanta 3, Georgia; 920 Grayson St., Berkeley, Calif.; 115 Peterboro St., 
Boston 15, Mass.; 533 Hollis Road, Charlotte, N. C.; 8 S. Dearborn St., Rm. 808, Chicago 3, 
Ill.; P. O. Box 385, Decatur, Ga.; 2024 Merced Ave., El Monte, Calif.; 315 N. Crescent St., 
Flandreau, South Dakota; 3707 Madison Ave., Kansas City, Missouri; 200 Lumber Exchange 
Bidg., Minneapolis 1, Minn.; 510 Standard Oil Bldg., Omaha 2, Nebraska; 2910 W. Clay 
Street, Richmond 21, Va.; 502 West 3rd South, Salt Lake City 10, Utah; 204 Slayton St., 
Signal Mountain, Tenn., 424 S. Yale Avenue, Villa Park, Illinois; 7445 Chester Avenue, 
Montreal, Canada; 576 Wall Street, Winnipeg, Manitoba, Canada; Apartado de Correos 
No. 5, Bogota, Colombia; Apartado 561, Caracas, Venezuela; P. O. Box 531, Havana, Cuba; 
Marquinaria, Apartado 2184, San Juan 10, Puerto Rico; Bolivar 441-A, Marafi., Lima, Peru 
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Section of 150 miles of CLOW Bell-Tite 
Joint Cast Iron Pipe at Perini-Westward 
Development, West Palm Beach, Fla. 


Clow Cast iron Pipe Plants are located at 
BENSENVILLE, ILLINOIS BIRMINGHAM, ALABAMA COSHOCTON, OHIO 
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There is no limit to how fast you can lay 


CLOW Bell-Tite JOINT 
CAST IRON PIPE 


You can install CLOW Bell-Tite Joint Cast _ 
Iron Pipe as fast as you can dig a shallow 
trench. Photo shows the back hoe which 
clawed open the trench lowering a length 
of Clow pipe into it. — 

Over 150 miles of Clow Bell-Tite Joint 
pipe are the life lines of the water and sew- 
age facilities for this Perini-Westward 
Development at West Palm Beach, Fla. 
Time-saving installation plus the econ- 
omy of material—no accessory buta single 
molded rubber gasket—are important fac- _ 
tors in this $4,000,000 waterworks proj- 
ect installation. One of the owners of this 
“City within a City” is Louis R. Perini, 
chairman of the board of the Milwaukee 
Braves and president of the Perini cor- 
poration. 


CLOW Bell-Tite Joint Cast Iron Pipe can 
speed your installations, too. Let us tell 
you about its many advantages. 


Clow Be//-Tite Joint Pipe saves time and money 


Assembly is easy and rapid. Just wipe the joint clean, lubricate 
and push spigot into the bell. When yellow stripe is no longer 
visible, joint is bottle tight. A single rubber gasket is the only 
accessory. There are no bolts, no nuts, no followers 

no couplings, no extras. 


Patent No. 269813) 


JAMES B. CLOW « SONS, INC. 
201-299 North Taiman Avenue, Chicago Illinois 
——— 


Subsidiaries: _ = 


Eddy Vaive Company lowa Vaive Company — 
Waterford, N.Y. Oskaloosa, iowa 
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exchange. Methods of treatment by both 
hydrogen and sodium-exchange materials in 
parallel, in series, and in mixed beds are 
_ described. Diagrams are given of the design 
of plants for the various processes —WPA 


The Behavior of Calcium Hydroxide and 
Calcium Chloride in the Tubes of a Di- 
rect-Flow Boiler. Y. F. SAmMorLtov & O. K 
SMIRNOV Teploenergetika (USSR), 6:2 
53 (59). The soly. of Ca compds. in water 
vapor and their behavior during the process 
of superheated steam generation were stud- 
ied, under controlled temp. and pressure con- 
ditions, in a lab. app. equipped with an elec 
heated steam generating tube (6-15 mm in 
diam.) simulating the coil of a boiler. De- 
mineralized condensate to which 2.05-11.3 
mg Ca(OH). or 4.15-35 2 mg CaCl:/kg had 
been added, was used as feed water. Ca 
and Cl ions in the outgoing superheated 
steam condensate and in the scale formed in 
various sections of the tube, were detd. by 
trilonometric titration and by mercurometry, 
resp. In expts. with Ca(OH)>2-contg. feed- 
water, an abrupt drop in the Ca content of 
the outgoing steam was observed at approx. 
470°. Thus, at a presure of 150 atm., the 
conen. of Ca ions decreased from 0.1 to 0.01 
mg/kg. In the 480-590° range, the concen 
of Ca ions in the steam remained low and 
practically const. The lowering of the soly. 
of Ca in superheated steam at about 470° 
indicates that, regardless of pressure, 
Ca(OH)s is converted to CaO within a 
const. temp. range. The acidity of the con- 
densate and the alk. reaction of the scale, 
when steam was generated from CaCl: 
contg. water, can be interpreted as evidence 
of extensive hydrolysis of Ca salts in the 
steam-generating tubes, resulting in the pres- 
ence of free HCl in the steam and in pre- 
dominance of alk. hydrolysis products, 
Ca(OH)s, CaO, and possibly Ca(OH)CI, 
in the scale. The ratio of Ca:Cl ions in 
the deposits varied with the temp. of the 
tube sections and with the concn. of CaCl. 
in the feedwater. At 150 atm. and 29.2 mg 
CaCl:/kg it was 1.1-1.4 in the zone of vapori- 
zation. In the 350-600° range and under 
150, 240, and 300 atm, the concn. of Ca ions 
in the superheated steam was not affected by 
the concn. of CaCls in the feedwater. The 
concen. of Cl ion, however, increased with 
increasing concns. of CaCls. It is concluded 
that the amt. of Ca carried away with the 
steam at temp. below 470°, is detd. by the 


soly. of CaCl, (and possibly, its hydrolysi 
products), whereas above 470°, the soly. « 
CaO in steam is the detg. factor.—CA 


Treatment of Boiler Water With Sulfite 
or Hydrazine. R. MAssart & L. MIssA 
Bul. Centre Belge Etude et Document. Eau: 
(Liege), 42:276 (’58). A comparison wa 
made of NasSOs and N:H, as boiler wate 
deoxygenates. The NasSOs was added a 
intervals in the boiler, whereas the NeH 
was added continuously to the condenset 
In general, NasSOs was more reactive tha 
the NoH,, but the latter was advantageou 
when air was accidentally admitted. Th 
pH of the vapors was less than 7 wit 
NazSOs; this compared unfavorably to 
pH 9 with NeH, in a Cu-surfaced system 
This lowering of pH was due to entrain 
ment of NasSOs. The amt. of dissolved F 
decreased with the use of N2H,, but the amt 
of Cu in soln. was relatively unaffected 
Economically, the use of was 
to be superior despite higher initial chem 
cost.—CA 


Chemical Cleaning of Benson Boilers. H 
G. HeitmMann. Mitt. Ver. Grosskesselbe 
sitser (Ger.), 62:319 (’59). A new chem 
method for cleaning boilers in power sta 
tions, especially those with forced circula 
tion, was described. The cleaning of th 
circulating system was done at temps. abov 
100° and pH approx. 4.0. The addn. of ; 
weighed amt. of HCl or HeSO,s was don 
in the feedwater supply piping with pressur 
behind the pump feeding the boiler. Ti 
protect the pump, a given amt. of 15% N:H 
was added to increase the pH to over 5.0 
At the same time NeH, served as a “carrier’ 
of the acids through the circulating system 
HF could be added to the cleaning soln. t 
eliminate silicic acid, and citric acid to elimi 
nate Fe as a sol. complex. The photos o 
polished surfaces showed that the cleaning 
soln. did not affect the metallic surface o 
the material most often used for boilers 
Eight installations of Benson boilers wer 
cleaned by this method, and the results wer 
discussed in more detail. Industrial analy 
ses of installations cleaned by this methoc 
were compared with those cleaned by con 
ventional methods, and the advantages of th 
former were shown. Different possibilitie 
for cleaning boilers could be seen from th 
description of individual cases —CA 
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Inertol? coatings protect Hayden Bridge Plant, Eugene, Ore. 


RAMUC® MILDEW-RESISTANT ENAMEL, applied ten years ago, still guards 250- 
foot-long tunnel connecting head-house with pumping section. Flanked on either 
side by one million gallons of cold water in twin reservoirs, the warmer tunnel is 
subjected to heavy condensation and dripping. The front of the main building 
was painted with Ramuc Masonry Paint ten years ago. The concrete and steel 
filter beds in the rear of the plant are painted with Torex® Enamel every five 
years on a routine maintenance painting program. These are but a few of the 
many areas of this plant protected with long-lived Inertol coatings. 


PACIFIC NORTHWEST'S LARGEST MUNIC- 
IPAL WATER PLANT, the 37.5 MGD 
Hayden Bridge installation serves over 
60,000 persons in the fast-growing 
Eugene metropolitan area. 

Inertol coatings, specified for this plant 
by consulting engineers Stevens & 
Thompson, Portland, safeguard surfaces 
against condensation, mildew, abrasion, 
submersion and weather. 


SPECIFICATIONS FOR RAMUC MILDEW- 
RESISTANT ENAMEL. A glossy, mildew- 
resistant, chlorinated natural rubber- 
base coating, in color, for nonsubmerged 
concrete, steel and indoor wood surfaces. 


Concrete Surfaces: Colors: color chart 
560. No. of coats: one coat Ramuc Mil- 
dew-Resistant Enamel over two coats 
Ramuc Mildew-Resistant Undercoater. 


Write for specifications for steel sur- 
faces and for Ramuc Floor Ename 
Specifications. 


For fiat finish, two coats Ramuc Mildew- 
Resistant Flat to bare masonry—omit 
Undercoater. Coverage: 250 sq. ft. per 
gal. per coat. Approximate mil thickness 
per coat: 1.2. Drying Time: 24 hours. 
Primer: Ramuc Mildew-Resistant Un- 
dercoater (2 coats). Thinners: Inertol 
Thinner 2000-A for brushing; 2000 for 
spraying. Application: Brushing: Ramuc 
Mildew-Resistant Enamel—brush type, 
as furnished. Spraying: Ramuc Mildew- 
Resistant Enamel —spray type, add suffi- 
cient Thinner 2000 for proper atomization. 


Buy Inertol paints direct from the manu- 
facturer. Shipment within three days 
from our plant, or from warehouse stocks 
in your area. Write today for free “Prin- 
cipal Types of Protective Coatings,” a 
short course in practical paint technol- 
ogy. Ask for WW-754. 


fim, Ask about Rustarmor,® Inertol Com- 
pany’s hygroscopically controlled 


rust-neutralizing paint. 


INERTOL ¢ CO., INC. 


484 Frelinghuysen Ave., Newark 12, N. J. * 27-G South Park, San Francisco 7, Calif. 


Visit our booth #10 


at the National A.W.W.A. Convention, 
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Simplified Tablet Tests for Water Used 
Steam Generation. A. T. Paitin. Eng. 
Boiler House Rev., 74:151 (’59). <A 
series of tests for boiler water and boiler 
feedwater have been worked out for use 
with operators unskilled in chem. manipula- 
tion. With 1 or 2 exceptions, all reagents 
for a given test are combined together in a 
single tablet of standardized wt. so that the 
only app. required is a stoppered bottle for 
shaking the sample and the appropriate bot- 
tle of tablets. The general procedure con- 
sists of adding the tablets to the sample of 
water, 1 at a time, until the required color 
change is obtained. Crushing the tablets is 
unnecessary, as ingredients are incorporated 
to cause disintegration on shaking with the 
sample. Where necessary, the tablets con- 
‘tain interference suppressors and also suit- 
able foaming agents which permit absorption 
of color in tae foam layer, thus enabling end 
points to be detd. even for dirty or discolored 
samples. The tests themselves are based on 
established procedures. Although the accu- 


racy obtained is generally quite satisfactory 
a method is suggested for increasing this 
Tablets are provided for pH, alky. (bot! 
methyl orange and phenolphthalein), hard 
ness (3 tests), chloride, and sulfate—CA 


The Solubility of Low-Volatility Sub- 
stances in High-Pressure Steam. M. A 
Styrikovicu. Radioisotopes Sci. Researc! 

Proc. Intern. Conf. (Paris), 1:411 (’58 

The distribution of a no. of substances be 
tween water and steam phases depending o 
the presure and concn. has been studie 
Distribution is largest for weak acids (silici 
boric), much smaller for chlorides and hy 
droxides, and still less for sulfate, silicate 

carbonates, and phosphates. The soly. of 
NaCl, NaeSO., CaCl, CaSO., CaCOs, and 
Ca(OH). in the system solid-steam at 
subcrit. pressures and in the system solic 

H.O at supercrit. parameters (to 300 atn 
and 650°) has been studied. State diagram 
for H,O-SiO., H:O-NaCl, HeO-NasSO 
H:O-CaSO,, including both the regions of th 
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Build up your library of 
AWWA publications the 
easy, thrifty way with 


AWWA PUBLICATION DISCOUNT COUPONS 


value in payment for publications of the 
5 AMERICAN WATER WORKS ASSOCIATION 
Redeemable for 4¢ cash. Expires Dec. 31, 1965 


quest). 


Members pay only $8.00 for each $10-value coupon book. 
until the end of 1965 for the purchase of AWWA standards, reprints, manuals, 
and books at prices shown in the latest AWWA Publications List (copy on re- 
Coupons are redeemable for cash without loss at any time till then. 


Coupons may be used 


AWWA Publication Sales Dept., 2 Park Ave., New York 16, N.Y.: - 


Please send me 


| 
| $10-value coupon book(s) at $8.00 each. 
: ] My check or money order is enclosed. 


— 
© Bill me as follows: 


& (Signature of AWWA ber or representative) 
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With A Layne Drilled 
Well 


water-bearing formations are located. 


Layne knows where the 


Knowing where to drill is half of the 
success—knowing /row is the other 
half. In drilling a straight well ex- 
perience counts. You get a good, 
producing well when you specify a 


Layne drilled well. 


WATER 


With A Layne Vertical 
Turbine Pump Whatever 
the pumping requirement, there’s a 
Layne pump to meet any pumping 
conditions. Layne Vertical Turbine 
Pumps come in a wide range of sizes 
and capacities, delivering 30 to 20,000 
GPM and requiring from 4 to 42 


inch well casings. 


LAYNE OFFERS COMPLETE WATER SERVICE: Initial Surveys e explorations e 
recommendations e site selection e foundation and soil-sampling ¢ well drilling ¢ well 
casing and screen e pump design, manufacture and installation e construction of water 
systems e maintenance and service e chemical treatment of water wells e water 
treatment—all backed by Layne Research, Layne services do not replace, but coordinate 
with the services of consulting, plant and city engineers. 


Visit our Booth 47-48. 


AWWA National Convention —Bal Harbour, Florida, May 15-20. 


LAYNE & BOWLER, INC., MEMPHIS 


General Offices and Factory, Memphis 8, Tenn. 
LAYNE ASSOCIATE COMPANIES THROUGHOUT THE WORLD 


Sales Representatives in Major Cities 
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liquid and steam phases at subcrit. and 
supercrit. pressures, are presented. The hy- 
drolysis of salts by superheated steam was 
detected at temps. as low as 550°-600° —CA 


Characteristic Curves of Boilers. Sacuio 
YosuizaAwa. Netsu-Kanri (Jap.), 11:7:16 
(59). The max. efficiency of boilers is cor- 
related with and expressed in the functions 
of fuel consumption, degree of excess of air, 
pressure, etc. The curves (or surfaces) ex- 
pressing these correlations give the most 
efficient conditions from simple detns.—CA 


The Treatment of Water in Power Sta- 
tions in the Netherlands. R. FEriTsMa. 
Bul. Centre Belge Etude et Document. Eaux 
(Liege), 40:103 (’58). In a paper presented 
at a meeting in Liege, ’58, the present situa- 
tion regarding the use of water in electric 
power stations in the Neth. was discussed, 
with particular reference to the chem. char- 
acteristics and treatment of the water, in- 
cluding condensate, boiler feedwater, boiler 
water, vapor, and makeup water. Special 


(Continued on 


Low in cost—efficient in operation. 


lron and Manganese Removal Plus Water Softening . . . 
Automatically by lon-Exchange using Invercarb C-110 


attention is given to the effect of increased 
presures in the boiler system on the chem 
requirements of the water, and the limiting 
concns. of constituents are given for various 
ranges of pressure. The standards given 
are sufficient to prevent corrosion and deposi- 
tion in the turbines. The treatment of the 
makeup water is discussed; this requires 
complete removal of hardness and reduction 
of the carbon dioxide content. In the Neth. 
most power stations still employ the dis- 
tillation method for treatment of makeup 
water, but ion-exchange methods are being 
adopted. These methods are discussed, in- 
cluding the Spiractor method involving cold 
lime treatment, followed by sand filtration 
and treatment in an ion-exchange unit op- 
erating on the sodium cycle. Another method 
involves hot lime treatment followed by a 
similar ion-exchange treatment. The lime 
treatment can be replaced by an ion-ex- 
change unit operating on the hydrogen cycle, 
followed by a column for removal of carbon 
dioxide. Problems in the operation of the 
ion-exchange units and methods for their 
regeneration are also considered —_WPA 
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19,000 Feet of Armco Pipe 
Means More Water for Phoenix 


May 1960 JOURNAL AWWA 


New steels are 
born at 
Armco 


Phoenix, Arizona, recently installed 19,000 feet of 18- and 20-inch diameter 
Armco Welded Steel Water Pipe to improve water delivery from their Squaw 
Park filter plant to Northeast Phoenix. The pipe was cement mortar lined. 
Exterior was coal-tar primed, coated and wrapped with fibrous glass mat, 
pipe line felt and kraft paper. At one point. the contractor installed 1400 feet 
of 20-inch pipe in a single shift. 

Phoenix is only one of many cities using Armco Welded Steel Pipe to meet 
increasing demands for water supplies. It can help solve your prob- 
lems, too. For complete information. write to Armco Drainage 
& Metal Products, Inc., 6440 Curtis Street, Middletown, Ohio. Steel 


Subsidiary of ARMCO STEEL CORPORATION 


OTHER SUBSIDIARIES AND DiviSiONS: Armco Division * Sheffield Division 
The National Supply Company « The Armco International Corporation 
Union Wire Rope Corporation 
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HYDROLOGY, CONSERVA- 
TION, AND IRRIGATION 


Calculation of Water Demands for Irri- 
gation. L. Sine & J. Carempert. Bul. 
— Centre Belge Etude et Document. Eaux 
(Liege), 40:89 (’58). In a paper presented 
at a meeting in Liege, a scheme for calcg. the 
agricultural water demand was presented in 
tabular form and discussed. It is based 
on measurement or calen. of the potential 
evapotranspiration of a crop, the difference 
between this value and the rainfall being the 
water deficiency or the max. need for irri- 
The difference between the max. 
demand and the actual demand 


gation. 
irrigation 


—.. also discussed, taking into account the 


ability of the soil to resist dry periods. The 
interpretation of the results obtained is dis 
cussed for two particular cases in Belgium 
in °57, namely on the clay soil near Gem- 
-bloux and on rocky land in Famenne.—IV PA 


The Turbulent Boundary Layer in a Coni- 
cal Diffuser. H.R. Fraser. Proc. ASCE, 
84:HY3: Paper No. 1684 (’58). The au- 
thor discusses the development of an axi- 
symmetric boundary layer in the conical 
diffuser, and proposes a simple direct method 
for predicting the behavior of a turbulent 
boundary layer in a smooth-walled diffuser, 
based on the analysis of the boundary layer 
‘in 2 regions, and involving only the soln. 
ot algebraic eqs. The results of expts. to 
confirm the applicability of the method for 
boundary layer calens. are given in tables 
—WPA 


A Study of Non-Steady Ground-Water 
Flow With Special Reference to a Reser- 
voir Coefficient. D. A. Leur. Ingenieur, 
"s-Grav. (Neth.), 70:B87 (’58). The dis- 
charge from a relatively flat aluvial or 
diluvial area where no surface runoff occurs 
can be attributed te the outflow of ground 
water into the channels of a drainage sys- 
tem. This outflow decreases the reservoir 
of phreatic ground water which is replen- 
ished by vertical percolation following pre- 
cipitation. A method has been developed for 
the estimation of this nonsteady flow in a 
deep homogeneous soil, using a reservoir 
coefficient, which comprises the soil factors 
and the distance between drainage channels, 
and a dimensionless diagram showing the 


(Continued on » page 104 P&R) 


during a 
saturated 


increase of ground-water outflow 
steady vertical percolation into the 
zone WPA 

Hydrological Research in the Netherlands 
—II. Geoelectrical Investigations. A. 
Votker. Ingenieur, ’s-Grav. (Neth.), 70: 
B126 (’58) The geoelectrical resistivity 
method for examining underground strata is 
described, and its application to geo-hydro- 
logical investigations is discussed, with par- 
ticular reference to research being carried 


out in the Neth—IVPA 


Measurement of Flow—Channels With 
Jumps. J. W. Horner. Tech. de lEau, 
11:129:29 (57). After a brief historical 
survey of the hydraulic aspects of measure- 
ment of flow in open channels, meters of the 
orifice, overflow, and venturi types are dis- 
cussed. Special consideration is given to the 
use of hydraulic jumps. The advantages of 
this method are listed and various forms of 
channel are described and shown diagram- 
matically including those with rectangular, 
triangular, trapezoidal, and parabolic pro- 
files—W PA 


Weirs for Flow Measurement in Open 
Channels. F. V. & W. Srarnspsy. 
Wtr. & Wtr. Eng., 62:291 (’58). In con- 
tinuation of a review on the measurement 
of flow in open channels by means of weirs, 
the authors discuss the limits of free dis- 
charging conditions and the accuracy of flow 
measurement over weirs. In an appendix, 
area ratios are given for use in weir design 
calens.—WPA 


USPHS Studies on the Use of Hexade- 
canol in Reservoir Evaporation Reduction. 
B. B. Bercer. Southwest Water Works J., 
39:22 (’58). The USPHS is cooperating 
with the Bureau of Reclamation and other 
agencies in studies on reducing evapn. from 
water surfaces by use of monomolecular 
films. Immediate interest of USPHS is 
directed to following: toxicity potential for 
humans of materials proposed for such use, 
toxicity for fish, effect on water treatment 
processes and on treated-water quality, and 
resistance of these materials to microbiol 
attack. Toxicological evaluation indicates 
that hexacdecanol, material most often con 
sidered for use in formation of monomolecu 
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WILL CORROSION KILL YOUR FILTER BED? 
Rust can’t form on Leopold Filter Bottoms 


The rugged construction and corrosion 
resistant qualities of Leopold .. . the 50- 
year glazed tile filter bottoms make them 
a natural to outlast all others. Made of 
de-aired fire clay—vitrified and salt-glazed 
—the blocks can’t absorb water, can’t rust, 
can't crumble. Acid and alkali cannot eat 
into a Leopold block . . . neither can tuber- 
culation form on its smooth finish. Per- 
formance-proved in over 500 plants 
throughout the country, these blocks assure 
equal filtration and uniform wash distri- 
bution. Moreover, the Leopold Filter 
Bottom needs only a shallow depth of 
smali-sized filter gravel and does not 
require supporting concrete structures. 
50-year Write today for the facts and figures. 
filter block 


F. B. LEOPOLD CO., INC. 
Zelienople, Pa. 


[_] Please send literature on Leopold Glazed 


aa Tile Filter Bottoms. 


[_] Piease send literature on complete line 
F. B. LEOPOLD Cco., INC. of Leopold products. 
ZELIENOPLE, PA. Name 
Exclusive Canadian Representative: Affiliation 
W. J. Westaway Co., Ltd. 
Hamilton, Ontario 


City 
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lar films, may be considered nontoxic fort 
humans when used in manner and concen 
proposed. Fish appear to be able to with- 
stand much higher concen. of hexadecanol 
than would be used in reservoirs. No dam- 
age to drinking water supplies and treatment 
processes was observed in lab. investigations. 
Hexadecanol, when applied in solid form, 
such as flakes or pellets, was attacked by 
microorganisms with consumption of mate- 
rial and its encapsulation by cellular mate- 
rial and detritis. It was concluded that such 
consumption would be signif. factor in eco- 
nomics of use of this material. It also 
appeared that capsule formed would be prac- 
tical physical barrier to the free spread of 
the hexadecanol. Observations were based 
on lab. studies. Extension of lab. studies 
to field would be desirable to establish the 
validity of these observations. The USPHS 
is interested in continuing its joint study 
with other agencies in detg. practical value 
of conserving water by this procedure. 


PHEA 
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based on performance. 


On Evaporation From Wind-Swept Sur- 
faces. K. J. Mysers. Science, 129:38 
(59). Evapn. from water is analyzed in 
terms of resistances and driving forces for 
the coupled flows of vapor and heat. The 
conditions and assumptions under which all 
resistances can be detd. independently are 
discussed, and prelim. expts. on evapn. from 
wind-swept surfaces are reported. The effect 
of a monomolecular layer of cetyl alcohol on 
the transport of vapor was measured on a 
wind-swept surface. The film had no per- 
ceptible effect on the thermal resistance of 
air and did not seem to affect the rate of 
evapn. under the conditions of these small- 
scale expts.—_W PA 


CORROSION 


Modern Theory of Corrosion and Present- 
Day Solutions. M. Poursaix & F. VANn- 
DERVELDEN. appt. Tech. (Neth.), 80:2 
(’59). Theory of corrosion of metals and al- 
loys in the presence of H.O and aq. solns. is 
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(Continued from page 104 P&R) 
presented ; it is based on thermodynamics and 
electrochem. kinetics. A method is described 
for detg. if, when, and why a metal or alloy 
can be corroded by an ad. soln. or a moist 
material.—CA 


Corrosion Control Practices in the Wil- 
mingten Waterflood Operation. C. H 
Jones Jr. Corrosion, 15:99 (’59). Data 
are given on the method of well completion, 
vol. of water injected, and types of pumps 
and lines used in the Wilmington, Calif., 
waterflood operation. The method of test- 
ing inhibitors and some of the results with 
3 org. amine-type inhibitors are given. Re- 
search is continuing on the use of noncorro- 
sive materials in the system where possible. 
However, steel casing will probably be re- 
quired in the injection wells; this will neces- 
sitate continued use of the inhibitors——CA 


Protection Against Corrosion in the Boiler 
Room. P. vAN DoNGEN TorMAN. Metalen, 
11 :282 (’56) ; Chem. Zentr., 129:1948 (’58). 
A protection of the boiler against corrosion 


(Continued on page 106 P&R) 


CEMCOTE-—cement mortar lined 
& coated stee!i water pipe 


TARCOTE—cement mortar lined 
& coal tar enamel wrapped 
steel water. pipe 


TARSPUN-—coal tar enamel lined 


& wrapped steel water pipe 


steelcor decision 


me! Southern Pipe § 


lined & asphalt wrapped 
steel water pipe 


a Which is best? 


Seldom is a decision more critical and 
seldom is a choice more necessary than in 
selecting the proper water line to do the 
job. There is really only one long range 
measurement to follow— performance cost. 

Performance cost is . 
not so much considered 
with initial outlay as it 
is with the relation of 
performance to cost over 
time under varying 
conditions, standard as well as emergency. 
And when performance cost is the 
measure —steel water 
pipe is your only choice. 

No other product 
gives you the strength, 
durability, carrying 
capacity, reliability, 
resiliency, and “bottle-tight” joints. Nor 
is any other water pipe as practical for 
installation and maintenance because of 
its ductility, adaptability and hi-beam 
strength. 

But, within the great range of steel 
water pipes is the 
additional decision, what 
variety ? Southern Pipe 
is experienced in helping 
you in this final 
important decision. 
Southern’s line of STEELCOR products 
include such cement mortar lined pipe 
as CEMCOTE (cement coating), 
WRAPCOTE (asphalt wrapped), and 
TARCOTE (coal tar enamel wrapped), to 
meet your every economic and performance 
need. Call us for complete information. 

No other western pipe producer offers 
our complete packaged waterline service 


— we 


Manufacturer of STEELCOR steel water pipe, 
including such lined and coated pipe as 
Cemcote, Wrapcote, Tarcote, Tarspun, Dipcote, 
and others. 


DIVISION OF U. S. INDUSTRIES, INC. 
P. 0: Box C, Azusa, California « CU 3-7111 + ED 7 izzt 
PO Ba ii Pin 22.675 
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is possible by alkalizing the boiler water in 

dependence upon the boiler pressure and by 

binding the O by NaSOs, or hydrazine; 

the condensate ducts can be protected by 

binding of the COs by NHs or by amines. 
-CA 


Corrosion in Sour-Water Strippers. J. F. 
MASon Jr. & C. M. SCHILLMOLLER. Corro- 
sion, 15:358t (’59). Effluents contg. sulfides 
in appreciable concn, must be processed be- 
fore discharge. ‘The stripping method is the 
most generally applied process and is effec- 
tive in releasing about 80-95% of the sul- 
fides contained in foul water. Where a max. 
of 1 ppm of sulfide is permitted, the tower 
feed must Ist be neutralized to a pH of 
6.3-7.3 with HeS, converting and K.S 
to sulfates and HS. Steam is generally 
.used as the stripping medium (though gases 
can be used) and is admitted to the base of 
the tower. The foul water is admitted to 
an upper part of the tower. Sulfide-free 
water is taken from the base of the tower; 
H.O vapor and HS from the top of the 
tower are passed through a condenser, thus 


sepg. the H2S, which is sent to the odor- 


abatement or S plant. The condensed water 
is returned to the tower feed. Corrosion 
problems are encountered with the condenser 
and upper part of the tower. For the over- 
head condenser, alloy materials such as Al, 
Monel, and Type 316 stainless steel have 
effectively eliminated the main corrosion 
products. The metal to be used must be 
chosen for the specific corrosive conditions ; 
these vary greatly. Corrosion inhibitors, 
gunite and alloy lining, have proved gener- 
ally satisfactory in protecting the stripping 
column. The standard material of construc- 
tion is C steel. By properly conducting the 
stripping operation and control of the pH of 


the sour water feed, by avoiding high temps 
and pressure, O, velocity effects, and im 
pingement, and by proper metal choice for 
the condenser, good performance can be 
achieved —C A 


Influence of Bacteria on Corrosion of 
Stainless Steel in Small Openings. LL. A 
RozenBerc; I. B. ULANovski1; & Y. M. 
Korovin. Proc. Acad. Sci. USSR, 125: 
909 (°59). The presence of bacteria (Desul- 
fobibrio desulfuricans, Leptothriix discophora, 
Pseudomonas fluorescens, and Bacillus cereus 
var. mycoides) on the surface of stainless 
steel in sea water was studied in respect to 
corrosion of the metal. When the plate of 
the steel operates as an anode, small cracks 
or openings in the metal into which the bac-. 
teria penetrate show slight propagation of 
the organisms owing to lowered pH, but 
these act strongly in the development of 
galvanic action between metallic parts after 
which bacterial growth rises and corrosion 
is stimulated—CA 


OTHER ARTICLES NOTED 


Recent articles of interest appearing in peri- 
odicals of the water supply field are listed 


below. 


J. B. 
Wtr. 


“Shock Treatment Revives Wells.” 
Ketiy; C. R. JENSEN; & E. H. Gras. 
Wks. Eng., 113:118 (1960). 


Lengths of 
Sew. 


“Nomograph for Equivalent 
Pipe.” ANNABEL ToncG. Wer. & 
Wks., 107:80 (1960). 


“How Diatomite Water Filters Are Per- 
forming.” H. N. Armsrust. Am. City, 
75:4:155 (Apr. 1960). 


\\BIG FIVE IN PUBLIC WORKS 


PALMER 
SURFACE WASH 
SYSTEMS 


HAPMAN 
TUBULAR CONVEYORS 


CORPORATION 
BALTIMORE 


WALKING BEAM 
FLOCCULATION 
EQUIPMENT 


ROTARY 
SLUDGE DRYING 


LEOPOLD FILTER BOTTOMS 
STUART CORPORATION © 516 N. CHARLES STREET, BALTIMORE 1, MD. 
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Joining pipe the 


= "tv 


often the 
only way! 


This battery of steel crosses is in 
the new Clague Road Filtration 
Plant, designed by Havens and 
Emerson, Cleveland, Ohio. The 
Plant will carry a normal flow of 
50-million gpd. Contractor: Hun- 
kin-Conkey Construction Com- 
pany. 


Dresser® Couplings provide the essen- 
tial leeway for bolting up cross flanges 
to valves in tight spots. They’ll take 
deviation caused by settling concrete 
and remain bottle-tight ... permanent- 
ly! Dresser’s vibration-proof proper- 
ties protect valves and other expensive 
equipment, and protect the pipelines, 
too. With a Dresser Coupling, two 
man-minutes per bolt gives you a per- 


Bradford, 

Pennsylvania 
Chicago 
Houston 


York 
S. San Francisco 


Toronto & Calgary 


Always the 
easy way... 


The 8-inch, 10-inch and 30-inch 
Dresser-Coupled lines illustrated 
here are part of the system used 
in servicing the Clague Road's ad- 
vanced rapid-sand type filters. 


manent, leak-proof joint that absorbs 
expansion-contraction movement, keeps 
maintenance problems to a minimum, 
and makes repairs easier if and when 
they do become necessary. For a free 
copy of “Dresser Couplings for Fil- 
tration Plant Piping” and the Dresser 
Sewage Treatment Plants booklet, 
write to Dresser Manufacturing Divi- 
sion, Bradford, Pennsylvania. 


7 
4 
| 
4 
; 
i 
. ; j 
4 
| 
A, 
Are 
e 
= 
— 
A 
DRESSER 
MANUFACTURING DIVISION BS 
» 


108 P&R 


(Continued from 


we prefer to believe that the command- 
ing officer at Ogden really has some 
hot scuttlebut and has decided to un- 
load his $22,102 inventory while he 
can still get more than a nickel a ton 
for it. 


John E. Vogt was recently named 
director of the division of engineering 
of the Michigan Department of Health, 
at Lansing. Formerly assistant to the 
director, he succeeds Willard F. Shep- 
hard, who retired in January after 39 
years of service with the department. 


The paper cup has grown up until 
now a full-size pitcher is being mar- 
keted by the Dixie Cup Div. of Ameri- 
can Can Co. Built on the order of a 
large paper cup with a lid, the pitcher 
has a tab that opens for pouring and 
may be reclosed to protect the contents 
from pollution. In Dixie’s mind, no 
doubt, in developing this sanitary 
pitcher were the recent revelations 
concerning the spread of streptococcal 
infections in hospitals through the use 
of unsterilized water pitchers. This 
way safe water can be packaged in a 
disposable wrapper. 


Riding the crest of whatever public 
interest has been aroused by recent 
scare stories on public water supply 
have been representatives of at least 
two waterborn businesses : 


PERCOLATION AND RUNOFF 
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Thus, from the Basswood Springs 
Water Co. of Kansas City, Mo., we 
have a broadside entitled “I’m afraid 
of tap water! by A. J. Stephens” 
(president of the company) printed on 
the reverse of the advertisement of the 
Good Housekeeping article, “Danger 
in Your Drinking Water.” “You 
would be afraid of tap water, too, if 
you knew the facts,” says Stephens 
“That’s a bold statement. I would not 
make it if I were not sure of my 
ground.” And the ground provided is 
some out-of-context information and 
quotes from the USPHS and the St 
Louis County Water Co. regarding 
Kansas and Missouri river pollution. 
And erected on that ground is a pitch 
for drinking “a natural mineral-spring 
water .. . NOT chlorinated . NOT 
medicated pasteurized just like 
milk and sealed in sterilized bottles. 
Safe for even baby’s delicate health.” 
The price? Only 35 cents per 4-gal 
bottle or $1.98 per case of six 4-gal 
bottles, plus only $5 per month for 
a cooler. 

Thus, from the Servisoft Soft Water 
Service of Wheeling, W.Va., we have 
a copy of a notice to Servisoft users, 
which says : 


Dr. C. Calmon, a leading chemist and 
scientist of the water research and con- 
ditioning industry has given us_ his 
DEFINITE ASSURANCE the 
positive elements of radio activity are re 
moved from Ohio River drinking water 
by the use of Servisoft Soft Water Serv 
ice. Our softening unit will remove prac- 
tically all the important radio-active 
isotopes, especially those of strontium, 
barium, and the rare earths caused by 
any atomic waste dumped into the Ohio 
River. 


And from the Wheeling News-Register 
we have a copy of a supporting story 


(Continued on page 110 P&R) 
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Steel water pipe will last much longer 
underground with the armor-like pro- 
tection which a %2” coating of Bitu- 
mastic 70-B AWWA Enamel gives it. 
This corrosion-preventive coating is 
vital to the long-life of water lines. 

Bitumastic Enamel has helped steel 
water lines set high flow capacity rec- 
ords of 40 years and more. Proven per- 
formance is one reason why so many 
water supply engineers are specifying 


Pipe being primed at coating 
yard specially set up by Koppers 
| Contract Coating Department 
fora large water supply no 


steel pipe, lined and coated with Bitu- 
mastic 70-B AWWA Enamel, for their 
projects today. A lining of this enamel 
gives a uniformly smooth inside surface 
that has proved to have the highest 
flow coefficient available. 

You can obtain more information 
about the economies of Bitumastic 70-B 
enameled steel pipe from Koppers Com- 
pany, Inc., Tar Products Division, Dept. 
110H, Pittsburgh 19, Pennsylvania. 


ONLY KOPPERS MAKES 


UMASTIC 


GEG. PAT. OFF. 


(32 MAKES ALL THE DIFFERENCE _ 
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under the headline: “Water Softener 
Units Remove Radioactive Calcium: 
Valley Youths Face Bone Cancer From 
River Waste.” 

Thus, from Grand Rapids, Mich., 
we have news of another home water 
softener salesman whose pitch has been 
“unless a family installs a water soften- 
ing system, the household’s chance of 
contracting poliomyelitis is greatly in- 
creased.” 

Give us Servisoftened 
Springs Water every time! 


Basswoad 


Corp. elected 
Ralph L. Gray as chairman of the 
hoard. He has been succeeded as 
president by Logan T. Johnston, for- 
merly executive vice-president. 


Armco Steel 


Philip F. Walsh has been named 
president of Southern California Wa- 
ter Co., succeeding C. P. Harnish, who 
has retired. Harnish will remain on 
the company’s board of directors and 
act as special consultant. The new 
president has been with the company 
since 1939, serving most recently as 
operating vice-president. 


N. M. deJarnette has retired as as 
sociate director of the Water Quality 
Div., Georgia Dept. of Public Health, 
and has joined the consulting engineer 
firm of Robert & Co., Assocs., Atlanta. 
He will continue to serve AWWA as 
secretary of the Southeastern Section. 


Walter J. Blair has been appointed 
vertical pump product sales manager 


by Peerless Pump, Hydrodynamics 
Div., Food Machinery & Chemical 
Corp. He has been with Peerless since 
1949. 


R. Henry Seelaus is the new vice- 
president—finance of Fischer & Porter 
Co., Warminster, Pa. 


John S. Longwell, consulting engi- 
neer of Oakland, Calif., died on Mar. 
25, 1960. A member of AWWA since 
1931, he served as national director 
from the California Section in 1942-45 
and was nominated to receive the 
Fuller Award in 1953. 


Classified ads will be accepted only for ‘Positions 
Available’ or ‘Position Wanted."’ Rate: $1.50 per 
line (minimum $5.00), payable before publication 
Deadline for ad copy: first of month prior to month 
of publication desired. To place ad, obtain ‘Classified 
Ad Authorization Form’ from: Classified Ad Dept., 
Journal American Water Works Assn., 2 Park Ave 
New York 16, N.Y 


Positions Available 


UTILITY DIRECTOR 
Wanted by City of Ashland, Ky. 
Salary—$7,500—$9,500 per year. 
Qualifications: Degree in civil engineering; registered 
professional engineer; at least five years’ experience at 
the administrative level in a municipal water utility. 
\ddress application to City Manager, Ashland, Ky. 


ASSISTANT MANAGER—Man with experience 
in the water business to train for District Management 
position. An excellent opportunity to become associ- 
ated with an expanding water authority in one of the 
fastest growing counties in the country. Salary com- 
mensurate with experience and education. Interview 
will be arranged on the basis of resume submitted. 
Write: 

Suffolk County Water Authority 

P. O. Box 37 
Oakdale, Long Island, New York 


SANITARY ENGINEER 
Excellent opportunity for engineer having a minimum 
of 5 years’ experience, with emphasis on sewage treat- 
ment plant design and preferably with B.S. or MS. 
in C.E. Salary open. 
CIVIL ENGINEERS 

Experienced in sanitary or hydraulic engineering 

STRUCTURAL DESIGNER 
Experienced in design of concrete buildings and struc- 
tures. Work in downtown Los Angeles. 

James M. Montgomery, Consulting Engineers, Inc. 
535 E. Walnut, Pasadena, Calif. 
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in pipe selection 


Check the score before experimenting with 
_ Substitutes for cast iron pipe 


POINTS TO COMPARE CAST IRON PIPE SUBSTITUTE PIPE 


Long Life 100 Years or more e 


Bursting Pressure 2,988 psi 746 psi 


Bursting Tensile 25,880 psi 3,430 psi 


Impact Resistance 234 ft. Ibs. 60 ft. Ibs. 


Beam Loads (12-foot span) § 20,790 pounds 3,060 pounds 


Crushing Loads 17,900 Ibs. per ft. 6,480 Ibs. per ft. 


Water Absorption None 9.8% of weight after 24-hour 
submersion 


Tight Joints Wide selection for liquid or Limited selection for water 
gas service service 


Inside Diameter 6.14” 5.85” 


Pipe tested were 6” Class 150. 
ya, @ 


SALES OFFICES 


New York Citye Dallas 


Clevelond Pittsburgh 
CAST IRON PIPE 


Orlando® Birminghom 
BIRMINGHAM at 
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Index of Advertisers’ 


ADVERTISERS’ PRODUCTS 


Activated Carbon: 
Industrial Chemical Sales Div 
Permutit Co 


Activated Silica Generators: 
B-I-F Industries, Inc.--Omega 
Wallace & Tiernan Inc 


Aerators (Air Diffusers): 

American Well Works 

Carborundum Co 

Genera! Filter Co 

Permutit Co. 

Walker Process Equipment, Inc 

Air Compressors: 

Allis-Chalmers Mfg. Co 

Worthington Corp 

Alum (Sulfate of Alumina): 

American c yanamid Co., Process 
Chemicals Dept 

General Chemical Div., Allied 
Chemical Corp 

Ammonia, Anhydrous: 

General Chemical Div., 
Chemical Corp 

Jones Chemicals, Inc 


Allied 


Ammoniators: 

B-I-F Industries, Inc 
eers 

Fischer & Porter Co 

Wallace & Tiernan Co., Inc 

Silicofluortde: 

Agricultural Chemical Co 


Proportion- 


Ammonium 
American 
Trade: 

‘oncrete Pressure 


Associations, 
American ( 
Assn 


Pipe 


Cast Iron Pipe Research Assn. 
Steel Plate Fabricators Assn. 
Brass Goods: 

American Brass Co. 

Hays Mfg. Co. 

Mueller Co 7 
Brine-Making Equipment: 
International Salt Co., Inc. 
Calcium Hypochlorite: 
Jones Chemicals, Inc 

Olin Mathieson Chemical Corp. 


Carbon Dioxide Generators: 

Walker Process Equipment, Inc. 

Cathodic Protection: 

Electro Rust-Proofing Corp. 

Cement Mortar Lining: 

Centriline Corp 

Halliburton Oil Well Cementing Co. 

Southern Pipe Div. of U.S. Indus- 
tries 

Chemical Feed Apparatus: 

B-I-F Industries, Omega 

B-I-F Industries, Inc.—Proportion- 
eers 

Fischer & Porter Co. 

Graver Water Conditioning Co. 

F. B. Leopold Co. 

Permutit Co. 

Precision Chemical Pump Corp. 

Simplex Valve & Meter Co 

Wallace & Tiernan Inc 

Chemists and Engineers: 

(See Professional Services) 

Chiorination Equipment: 

B-I-F Industries, Inc Builders 


B-I-F Industries, Inc. 
eers 

Fischer & Porter Co. 

Precision Chemical Pump Corp. 

Wallace & Tiernan Inc 


Proportion- 


Chlorine Comparators: 
Fischer & Porter Co. —_ 
Klett Mfg. Co 

Wallace & Tiernan Inc. 


Chlorine, Liquid: 

Jones Chemicals, Inc. 

Olin Mathieson Chemical Corp. 
Wallace & Tiernan Inc 


Clamps and Sleeves, 
James B. Clow & Sons 
Dresser Mfg. Div. 
Mueller Co 

A. P. Smith Mfg. Co. 
Trinity Valley Iron & Steel Co. 


Clamps, Bell Joint: 
James B. Clow & Sons 
Dresser Mfg. Div. 


Pipe: 


Clamps, Pipe Repair: — 
James B. Clow & Sons 

Dresser Mfg. Div. 

Trinity Valley Iron & Steel Co 


Clarifiers: 

American Well Works 
Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 
Infilco Inc. 

Permutit Co. 

Walker Process Equipment, Inc 


for 


Public Water Fluoridation 


Sodium Silicofluoride - 99% 


Sodium Fluoride - 98% 


(Powder or Granular) 
Meet AWWA specifications 


White or tinted blue « 
Minimum of storage space « 
Minimum of dust in handling 


THE AMERICAN AGRICULTURAL 
CHEMICAL COMPANY 


100 Church Street, New York 7, N. Y. 


Dry and free-flowing 
Available in bags and drums 


- 
> 
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AS 
ADVANCED 
AS 
TOMORROW... 


i 


mew! dl 
SMITH 
MODEL H100 
HYDRANT proudly joins the 


time-proven Smith product line. No 
other hydrant has ALL these features: 


1. Weatherproof — Tamperproof 
Operating Nut. 


. Permanently Lubricated Operat- 
ing Mechanism. 


. Top Travel Stop Nut Prevents Rod 
Bending. 


. Streamlined Openings Assure 
Maximum Delivery. 


. Frangible Bolts and Coupling Pre- 
vent Standpipe Damage. 


. Multiport Drain Mechanism Oper- 
ates Automatically. 


. Bronze-to-Bronze Valve Assembly 
-— Self-Sealed “O” Rings. 


. Compression Type Valve Prevents 


Flooding. 
Write for details. 
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Cougulant Alds: 

Hagan Chemicals & Controls, Inc. 
Nalco Chemical Co 

Philadelphia Quartz Co 


Condensers: 

Allis-Chalmers Mfg. Co 

United States Pipe & Foundry Co 
Worthington Corp 


Contractors, Water Supply: 
Layne & Bowler, Inc 


Controllers, Liquid Level, 
Kate of Flow: 
b-1-F Industries, Inc 
Fischer & Porter Co 

Foxboro Co. 
General Filter Co 
Simplex Valve & Meter Co. 


Builders 


Copper Sheets: 
American Brass Co 


Copper Sulfate: 
General Chemical 
Chemical Corp 

Tennessee ( orp 
Corrosion Control: 
Calgon Co 
Nalco Chemical Co 
Philadelphia Quartz Co 
Southern Pipe Div. of U.S 
tries 
Couplings, Flexible: 
Dresser Mfg. Div 
Southern Pipe Div. 
tries 
E. H. Wachs Co 
Covers, Vault: 
Ford Meter Box 
E. H. Wachs 
Desalinization 
Emhart Mig. C 


Diaphragms, 
Dorr-Oliver Inc 


Div., Allied 


Indus- 


of U.S. Indus- 


Plants: 
, Maxim Div 


Engineers and Chemists: 

(See Professional Services 

Evaporating Equipment: 

Emhart Mfg. Co., Maxim Div 

beedwater Treatment: 

B-I-F Industries, Inc Proportion- 
eers 

Calgon Co 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Nalco Chemical Co. 

Permutit Co 

Ferric Sulfate: 

Tennessee Corp 

Filter Materials: 

Anthracite Equipment Corp. 

Carborundum Co 

Dicalite Div 

General Filter Co 

Johns-Manville Corp. 

Multi-Metal Wire Cloth Co., Inc. 
Northern Gravel Co 

Permutit Co 

Stuart Corp 

Filters, incl. Feedwater: 

B-I-F Industries, In Proportion- 
eers 

Dorr-Oliver Inc 

Graver Water Conditioning Co 

Permutit Co 

Roberts Filter Mfg. Co 

Ross Valve Mfg. Co 

Filtration Plant Equipment: 

B-I-F Industries, Inc.—Builders 

B-I-F Industries, Omega 

Chain Belt Co. 

Filtration Equipment Corp. 

General Filter Co. 

Golden-Anderson 
Co. 


Valve Specialty 


ADVERTISERS’ PRODUCTS 


Graver Water Conditioning Co 
Hungerford & Terry, Inc. 
Infilco Inc. 

F. B. Leopold Co 
Multi-Metal Wire Cloth Co., 
Permutit Co 

Roberts Filter Mfg. Co. 
Simplex Valve & Meter Co. 
Stuart Corp 

Wallace & Tiernan Inc. 


Fittings, Copper Pipe: 

Dresser Mig. Div 

Hays Mig. C 

Mueller Co 

Fittings, Tees, Ells, ete.: 

American Cast Iron Pipe Co. 

James B. Clow & Sons 

Dresser Mfg. Div 

M & H Valve & Fittings Co 

Morgan Steel Products, Inc 

Southern Pipe Div. of U.S 
tries 

Irinity Valley Iron & Steel Co 

United States Pipe & Foundry Co. 

R. D. Wood Co 


Flocculating Equipment: 
Chain Belt Co 

Dorr-Oliver Inc 

Genera! Filter Co 

Graver Water Conditioning Co. 
Infilco Inc 

F. B. Leopold Co 

Permutit Co 

Stuart Corp 


Inc. 


Indus- 


Fluoride Chemicals: 

American Agricultural Chemical Co. 
Olin Mathieson Chemical Corp. 
Tennessee Corp. 


Fluoride Feeders: 

B-I-F Industries, Inc. 

B-I-F Industries, Inc 
eers 

Fischer & Porter Co. 

Wallace & Tiernan Co., Inc 


Furnaces: 
Jos. G. Pollard Co., Inc 
Gages, Liquid Level: 
B-I-F Industries, Inc 
Fischer & Porter Co 
Simplex Valve & Meter Co 
Wallace & Tiernan Inc 
Gages, Loss of Head, 
of Vacuum, Kate 
Sand Expansion: 
B-I-F Industries, Inc 
Fischer & Porter Co 
Foxboro Co 
Jos. G. Pollard Co., Inc 
Simplex Valve & Meter Co. 
Wallace & Tiernan Inc. 


Gasholders: 

Bethlehem Steel Co 

Chicago Bridge & Iron Co 
Graver Tank & Mfg. Co 
Pittsburgh-Des Moines Steel Co. 
Gaskets, Rubber Packing: 
James B. Clow & Sons 
Johns-Manville Corp. 


Gates, Shear and Sluice: 

Armco Drainage & Metal Products, 
Mueller Co. 

R 


D. Wood Co. 


Gears, Speed Reducing: 

Worthington Corp 

Glass Standards—Colorimetric 
Analysis Equipment: 

Fischer & Porter Co. 

Klett Mfg. Co 

Wallace & Tiernan Inc 


Omega 
Proportion- 


Builders 


Pressure 
of Flow, 


Builders 


nc. 
James B. Clow & Sons 


Vol. 52, No.5 


Goosenecks (with or without 
Corporation Stops): 

James B. Clow & Sons 

Mueller Co. 

Southern Pipe Div. of U.S. Indus- 
tries 


Iydrants: 

James B. Clow & Sons 
Darling Valve & Mfg. Co. 
M. Greenberg's Sons 
Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 
Mueller Co. 

A. P. Smith Mfg. Co 

R. D. Wood Co 


Hydrogen Ion 
Photovoli Corp. 
Wallace & Tiernan Inc 
Hypochlorite; 
Hypochiorite; 
pochlorite 


Equipment: 


see Calcium 
Sodium Hy- 


Intake Screens: 
Multi-Metal Wire Cloth Co., Inc. 


lon Exchange Materials: 
General Filter Co 

Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Nalco Chemical Co. 

Permutit Co 

Roberts Filter Mfg. Co. 

Rohm & Haas Co. 


Iron, Pig: 
Woodward Iron Co 


Iron Removal Plante: 
American Well Works 

General Filter Co 

Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Permutit Co. 

Roberts Filter Mfg. Co. 
Walker Process Equipment, Inc. 
Jointing Materials: 
Johns-Manville Corp. 

Keasbey & Mattison Co. 
Leadite Co., Inc. 


Joints, Mechanical, Pipe: 

American Cast Iron Pipe Co. 

James B. Clow & Sons 

Dresser Mfg. Div. 

Southern Pipe Div. 
tries 

Trinity Valley Iron & Steel Co 

United States Pipe & Foundry Co 

R. D. Wood Co. 

Leak Detectors: 

Aqua Survey & Instrument Co. 

Jos. G. Pollard Co., Inc. 


Lime Slakers and Feeders: 
B-I-F Industries, Inc.--Omega 
Dorr-Oliver Inc 

General Filter Co 

Infilco Inc. 

Permutit Co 

Wallace & Tiernan Inc 
Locators, Pipe & Valve Box: 
Aqua Survey & Instrument Co 
W. S. Darley & Co 

Jos. G. Pollard Co., Inc 
Magnetic Dipping Needles: 
Aqua Survey & Instrument Co. 
W. S. Darley & Co. 


Meter Boxes: 

Ford Meter Box Co 

Rockwell Mfg. C 

Meter Couplings and Yokes: 

Badger Meter Mfg. Co 

Dresser Mfg. Div. 

Ford Meter Box Co. 

Gamon Meter Div., 
Corp. 


of U.S. Indus- 


Worthington 


é 
4 
3 
: 
4 


May 1960 JOURNAL AWWA P&R 115 


Planning a storage tank? | 


ld 


FORT WORTH chose a STEEL TANK 
built to AWWA standards 


Only s/eel reservoirs and standpipes for municipal water 
storage are built to the rigid standards established by 
the American Water Works Association. The protective 
assurances set forth in these standards are unobtainable 
with any material other than steel. 
| 
... these are inherent qual- — 
TicuHtness ities of welded steel construc- 
tion. Compare steel tanks with 
Evasricity other types... you'll see why 
“steel tanks store water best.’ . 
Economy You can always specify steed 
tanks with confidence. 


For your copy of the latest steel tank brochure, write — 


TEEL PLATE FABRICATORS ASSOCIATION FR 


FABRICATORS 


105 West Madison Street « Chicago 2, eal racine 


4 
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Hays Mfg. Co. 
Hersey-Sparling Meter Co. 
Mueller Co. 

Neptune Meter Co 
Rockwell Mfg. Co 


Meter Reading and RKecord 
Books: 


Badger Meter Mfg. 


Meter Testers: 
Badger Meter Mfg. 
Ford Meter Box Co. 
Hersey-Sparling Meter Co. 
Neptune Meter Co. 
Rockwell Mig. Co 


Meters, Domestic: 
Badger Meter Mfg. Co 
Buffalo Meter Co 
Calmet Meter Div., 
Corp. 
Gamon 
Corp 
Hersey-Sparling Meter Co. 
Neptune Meter Co 
Rockwell Mfg. Co 


Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 

B-I-F Industries, Inc.—Builders 

Fischer & Porter Co 

Simplex Valve & Meter Co 


Co 


Worthington 


Meter Div., Worthington 


Meters, Industrial, Commer- 
celal: 

Radger Meter Mfg. Co 

B-I-F Industries, Inc 

Ruffalo Meter Co. 

Calmet Meter Div., 
Corp 

Fischer & Porter Co 

Gamon Meter Div., 
Corp 

Hersey-Sparling Meter Co. 

Neptune Meter Co 

Rockwell Mig. Co 

Simplex Valve & Meter Co. 


Builders 


Worthington 


Worthington 


Mixing Equipment: 
General Filter Co 
F. B. Leopold Co 


Motors, Electric: 
Allis-Chalmers Mfg. Co. 
Ideal Electric Co 
Marathon Electric Mfg. 
Worthington Corp. 


Corp. 


Paints: 

Inerto! Co., Inc. 

Koppers Co., Inc. 

Plastics & Coal Chemicals 


Allied Chemical Corp. 


Pipe, Cast Iron (and Fittings) : 
Alabama Pipe Co 

American Cast Iron Pipe Co. 
James B. Clow & Sons 

Trinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co 
R. D. Wood Co 


Pipe, Cement Lined; 

American Cast Iron Pipe Co. 
James B. Clow & Sons 

—— Pipe Div. of U.S. Indus- 


United Eno Pipe & Foundry Co. 
D. d Co. 

Pipe, Concrete: 

American Pipe & Construction Co. 
Lock Joint Pipe Co. 

Vulcan Materials Co. 


Div., 


Pipe, Asbestos-Cement 
Johns-Manville Corp. 
Keasbey & Mattison Co. 
Pipe, Brass: 

American Brass Co 


Pipe, Copper: 
American Brass Co. 


Pipe, Plastic: 

American Hard Rubber Co 

Morgan Steel Products, Inc 

Orangeburg Mig. Co.. Div. of The 
Flintkote Co. 

Pipe, Steel: 

— Drainage & Metal Products, 
nc. 

Bethlehem Steel Co 

Morgan Steel Products, Inc. 

Southern Pipe Div. of U.S. Indus- 
tries 


Pipe Cleaning Services: 
Centriline Corp. 
National Water Main Cleaning Co. 


Pipe Coatings and Linings: 

American Cast Iron Pipe Co. 

American Hard Rubber Co. 

Centriline Corp 

Inertol Co., Inc 

Koppers Co., Inc 

Plastics & Coal Chemicals Div., 
Allied Chemical Corp. 

Reilly Tar & Chemical Corp 

Shell Chemical Corp. 

Southern Pipe Div. of U.S. 
tries 


Indus- 


Pipe Cutters: 

James B. Clow & Sons 
Ellis & Ford Mfg. Co. 
Pilot Mfg. Co. 

Jos. G. Pollard Co., Inc. 
A. P. Smith Mfg. Co. 
E. H. Wachs Co. 


Pipe Jointing Materials; 
Jointing Materials 


sce 


Pipe Locators; see Locators, 
Pipe 

Removable: 

James B. Clow & Sons 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co 


Potassium Permanganate: 
Carus Chemical Co. 


Plugs, 


Pressure Regulators: 
Allis-Chalmers Mfg. Co. 
Golden-Anderson Valve Specialty Co. 
Mueller Co 

Ross Valve Mfg. Co 


Pumps, Centrifugal: 
Allis-Chalmers Mfg. Co. 
American Well Works 
Peerless Pump Div. 

C. H. Wheeler Mfg. Cc. 


Pumps, Chemical Feed: 

B-I-F Industries, Inc.—Proportion- 
eers 

Fischer & Porter Co 

Precision Chemical Pump Corp. 

Wallace & Tiernan Inc. 


Pumps, Deep Well: 
American Well Works 
Fiese & Firstenberger 
Layne & Bowler, Inc. 
Peerless Pump Div. 


Pumps, Diaphragm: 
Dorr-Oliver Inc 
Wallace & Tiernan Inc 


Pumps, Hydrant: 
W. S. Darley & Co. 
Jos. G. Pollard Co., 
Pumps, Booster: 
Peerless Pump Div. 
Ross Valve Mfg. Co 


Pumps, Sewage: 
Allis-Chalmers Mfg. Co 


ADVERTISERS’ PRODUCTS 
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Peerless Pump Div. 
C. H. Wheeler Mfg. Co. 


Pumps, Sump: 
Peerless Pump Div 
C. H. Wheeler Mfg. Co 


Pumps, Turbine: 
Fiese & Firstenberger 
Layne & Bowler, Inc 
Peerless Pump Div. 


Recorders, Gas Density, COs, 
SOs, ete.: 

Fischer & Porter Co 

Permutit Co 


Wallace & Tiernan Inc 


Recording lastruments: 
B-I-F Industries, Inc.—Builders 
Fischer & Porter Co. 

Simplex Valve & Meter Co 
Wallace & Tiernan Inc. 


Reservoirs, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 
Graver Tank & Mfg. Co. 
Pittsburgh-Des Moines Steel Co. 


Sand Expansion Gages; 
Gages 


Sleeves: see Clamps 


Sleeves and Valves, Tapping: 
James B. Clow & Sons 

M & H Valve & Fittings Co. 
Mueller Co 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co 


Sludge Blanket Equipment: 
General Filter Co 

Graver Water Conditioning Co 
Infilco Inc. 

Permutit Co 


Sodium Aluminate: 
Nalco Chemical Co. 


Sodium Chloride: 
International Salt Co., 


Sodium Fluoride: 
American Agricultural Chemical Co 


Inc. 


Sodium Hexametaphosphate: 
Calgon Co 


Sodium Hypochlorite: 
Jones Chemicals, Inc. 
Wallace & Tiernan Inc. 


Sodium Sliicate: 
Philadelphia Quartz Co. 


Sodium Silicofiuoride: 
American Agricultural Chemical Co 
Tennessee Corp. 


Softeners: 
Dorr-Oliver Inc 
General Filter Co. 
Graver Water Conditioning Co 
Hungerford & Terry, Inc. 
Permutit Co. 

Roberts Filter Mfg. Co 
Walker Process Equipment, 


Softening Chemicals and Com- 
pounds: 

Calgon Co. 

Genera! Filter Co. 

International Salt Co., Inc. 

Nalco Chemical Co. 

Permutit Co 

Tennessee Corp. 


Standpipes, Steel: 

Bethlehem Steel Co. > 
Chicago Bridge & Iron on 
Graver Tank & Mfg. 
Pittsburgh-Des Moines Stee! Co. 


Inc 
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Four size 4 Corbolls of Kansas City 
Mo. burn either gos or oi! to produce 
cvax, of 40,000 Ibs. CO2/doy. Size 
O” unit at left produces 570 ibs 

Jefferson, lowa Woter 


UNIT 


Walker Process now offers carbonation units for all lime softening plants from the very small 
to the largest. Sizes range from the new “OO” unit with minimum capacity of 55 lbs. CO#/day — 
to the No. 4 at maximum output of 10,000 Ibs. COz/day. 
Engineers can readily provide an entire carbonation system by simply specifying the appropriate 
size CARBALL in combination with Walker Process SPARJER diffusers assuring 
50% More CO: Unique Absorption Method 
Clean, Tasteless Gas Economical Operation 
100% Combustion Factory Tested Package System 
Write for bulletins 7W83 - 7W85 and 7W88 


WALKER PROCESS PROCESS 


a 
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Steel Plate Construction: 
Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 
Graver Tank & Mfg. Co 
Morgan Steel Products, Inc 
Pittsburgh-Des Moines Steel Co 


Stops, Curb and Corporation: 
Ford Meter Box Co 

Hays Mfg. Co. 

Mueller Co. 


Storage Tanks: see Tanks 


Strainers, Suction: 
James B. Clow & Sons 
R. D. Wood Co 


Surface Wash Equipment: 
Golden-Anderson Valve Specialty 
Co 


Permutit Co 


Swimming Pool Sterilization: 

B-I-F Industries, Inc.— Builders 

B-I-F Industries, Inc.. Omega 

B-I-F Industries, Inc. — Proportion- 
eers 

Fischer & Porter ¢ 

Wallace & Tiernan Inc 


Tank Painting and Repair: 
Ke ppers Co., In 

National Tank Maintenance Corp. 
Tanks, Prestressed Concrete: 
Preload Co., Inc 


ranks, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. _ 
Graver Tank & Mfg. Co. 
Morgan Steel Products, Inc. 
Pittsburgh-Des Moines Steel Co. 


Tapping-Drilling Machines: 
Hays Mfg. Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 


Tapping Machines, Corp.: 
Hays Mfg. Co 
Mueller Co 


Taste and Odor Removal: 

B-I-F Industries, Inc Builders 

B-I-F Industries, Inc. -Proportion- 
eers 

General Filter Co 

Graver Water Conditioning Co 

Industrial Chemical Sales Div. 

Permutit Co. 

Wallace & Tiernan Inc. 


Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations) : 

Wallace & Tiernan Inc. 


Turbines, Steam: 
Allis-Chalmers Mfg. Co. 


Valve Boxes: 

James B. Clow & Sons 

Ford Meter Box Co. 

M & H Valve & Fittings Co. 
MueMer Co. 

A. P. Smith Mfg. Co 

Trinity Valley Iron & Steel Co. 
R. D. Wood Co. 


ADVERTISERS’ PRODUCTS 


Valve-Inserting Machines: 
Mueller Co 
A. P. Smith Mfg. Co 


Valves, Altitude: 

Allis-Chalmers Mfg. Co., 
liv 

Golden-Anderson Valve Specialty Co 

Ross Valve Mfg. Co., Inc 


Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Plug: 

Allis-Chalmers Mig. Co., Hydraulic 
Div 

B-I-F Industries, Inc 

James B. Clow & Sons 

DeZurik Corp 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Pelton Div., Baldwin-Lima-Hamil- 
ton 

Henry Pratt Co 

R. D. Wood Co 


Valves, Detector Check: 
Hersey-Sparling Meter Co 


Hydraulic 


Builders 


Valves, Electrically Operated: 

Allis-Chalmers Mig. C Hydraulic 
Div 

B-I-F Industries, Inc 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

Golden-Anderson Valve Specialty Co. 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 

Mueller Co 

Henry Pratt Co 

A. P. Smith Mfg. Co 


Valves, Float: 

James B. Clow & Sons 
Golden-Anderson Valve Specialty Co. 
Henry Pratt Co 

Ross Valve Mfg. Co., Inc. 
Valves, Gate: 

James B. Clow & Sons 
Darling Valve & Mfg. Co. 
Dresser Mfg. Div. 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 
Mueller Co 

A. P. Smith Mfg. Co. 

R. D. Wood Co 


Hydraulically 


Builders 


Valves, Oper- 
ated: 

Allis-Chalmers Mfg. Co 
Div 

B-I1-F Industries, Inc 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

DeZurik Corp. 

Golden-Anderson Valve Specialty Co. 

Kennedy Valve Mfg. Co. 

F. B. Leopold Co. 

M & H Valve & Fittings Co 

Mueller Co. 

Pelton Div., Baldwin-Lima-Hamil- 
ton =7 

Henry Pratt Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Hydraulic 


Builders 
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Valves, Large Diameter: 
Mig. Co., Hydraulic 


James B. Clow & Sons 

Darling Valve & Mfg. Co. 

Golden-Anderson Valve Specialty Co 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co 

Mueller Co 

Pelton Div., Baldwin-Lima-Hamil 
ton 

Henry Pratt Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Valves, Regulating: 

Allis-Chalmers Mfg. Co., 
Div 

DeZurik Corp 

Golden-Anderson Valve Specialty Co 

Mueller Co. 

Henry Pratt Co. 

Ross Valve Mfg. Co. 


Valves, Swing Check: 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 
Golden-Anderson Valve Specialty Co 
M & H Valve & Fittings Co. 
Mueller Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Venturi Tubes: 
B-I-F Industries, Inc.—Builders 
Simplex Valve & Meter Co. 


Hydraulic 


Waterproofing: 

Inertol Co., Inc 

Koppers Co., Inc 

Plastics & Coal Chemicals Div. 
Allied Chemical Corp. 


Water Softening Plants; see 
Softeners 


Water Supply Contractors: 
Layne & Bowler, Inc 


Water Testing Apparatus: 
LaMotte Chem. Products Co 
Wallace & Tiernan Inc. 

Water Treatment Plants: 
American Well Works 

Chain Belt Co. 

Chicago Bridge & Iron Co. 
Dorr-Oliver Inc 

General Filter Co. 

Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Infilco Inc. 

Permutit Co 

Pittsburgh-Des Moines Steel Co. 
Roberts Filter Mfg. Co 

Walker Process Equipment, Inc. 
Wallace & Tiernan Inc. 


Well Drilling Contractors: 
Layne & Bowler, Inc 
Well Reconditioning and 
Formation Testing: 
Halliburton Oil Well Cementing Co 
Layne & Bowler, Inc 
Wrenches, Ratchet: 
Dresser Mfg. Div 
Zeolite: see ton 
Materials 


Exchange 


A complete Buyers’ Guide to all water works products and 
services offered by AWWA Associate Members appears in the 
1959 AWWA Directory. 


: 
q 
. 
_ 
‘ 
ty 
| 
* 
a 
<a 
| 
— 
ia 
q 


May 1960 JOURNAL AWWA P&R 119 


AW WATER. teed 


2,000,000 gallons—Cedar Hills Reservoir, Ridgewood, New Jersey 


e minimum maintenance 


e 75% construction cost spent locally 


architecturally modern 
e longest service life a 
on 


e lowest overall cost 


In the development of residential and industrial water supply facilities today, no 
other type of tank offers so many advantages as does the Prestressed Concrete 
Tank. Modern in engineering and design, proven in service, lowest in cost... 
prestressed concrete should be considered in any tank planning. 


THE PRELOAD COMPANY,INC. 


355 Lexington Ave., New York 17, N. Y. * Tel.: MU 7-0488 
351 Jefferson, Dallas, Texas * Tel.: WHitehall 1-5707 


PRELOAD CONCRETE STRUCTURES INC. THE CANADA GUNITE COMPANY, LTD. HERRICK IRON WORKS a 
28400 Clawiter Road 


837 Old Country Road 125 Hymus Blvd. 
Westbury, Long Island, N. Y. Pointe Claire, P.Q., Canada Hayward, Calif. 


Tel.: EDgewood 3-4040 Tel.: Oxford 5-6772 ‘ie Tel.: Lucerne 1-4451 


Send for Bulletin T-22. ce 
RELOAD 
= 


Why this “magnetic” meter 


has no troublesome stuffing 


With Rockwell Sealed Reg- 
ister meters you will never 
again need to service worn or 
leaky stuffing boxes—for there 
are none: A simple, powerful 
magnetic coupling transmits 
every motion of the measuring 
chamber direct to the register 
without a mechanical coupling 
or seal. 

Stuffing box maintenance is 
only one way you'll save with 
these revolutionary meters. 
You’ll gain substantially 
through a construction in 
which only two moving parts 
operate in water—all others 


run snug, dry and lubricated 
for life in a hermetically sealed 
register housing. 

Too, the sealed register con- 
struction assures that conden- 
sation or dirt can never collect 
underneath the glass to make 
meter reading difficult. And 
you can even run this meter 
under water without harm. 

The cost for all this? No 
more than you pay for ordi- 
nary meters—less in fact than 
for meters fitted with special 
type registers. Get facts today, 
write Rockwell Manufacturing 
Company. Pittsburgh 8, Pa. 


SEALED REGISTER METERS 


another fine product by 


box 


ROCKWELL 


= 


POWERFUL MAGNETIC DRIVE 


lilustrating how the driver magnet 
(held in hand) revolves around a 
watertight compartment at base of 
register to push the follower mag- 
net, which in turn drives the regis- 
ter shaft. 


2 


15 DORRCLONE” SEPARATORS PROTECT 


PUMPING PLANTS FROM SAND IN WORLD’S 


LARGEST FLOODING OPERATION 


8 California’s Wilmington Field water flood operation, built and owned by — 


the Long Beach Harbor Department, is being systematically carried out, 
fault block by fault block. Purpose is to increase oil recoveries, and to check 
land subsidence in the field. 

At the heart of the system are completely automatic plants which take 
oxygen-free brine from nearby source wells, desand it, treat it and pump it 
into the oil bearing zones at 850-1250 psig. 

DorrClone separators are operating on 15 wells in the field — removing 
98% of all materiai with a specific gravity greater than 2.6. They keep mains 
and pumps sand-free for continuous operation at full capacity. 

Feed water enters the upper chamber of the DorrClone unit tangentially 
creating a vortex action. Resulting centrifugal force throws the sand parti- 
cles to the rubber coated walls of the cone where they pass downward to the 
underflow chamber. Sand-free water moves to the inner spiral of the vortex 
and is displaced upward and out into the mains. 

The photograph demonstrates the simplicity of the installation. Units 
can be designed to suit practically all well water systems. For full informa- 
tion, write Dorr-Oliver Incorporated, Stamford, Conn. | 
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$66No corrosion, 
negligible 
maintenance and 
continued high 
carrying capacity 
with Transite Pipe.?? 


d JOHNSON & ANDERSON, INC., CONSULTING ENGINEERS, PONTIAC, MICH. 


“First cost and economical operation make Johns-Manville’s Transite Pipe 
a practical long-term investment,” say Messrs. Johnson and Anderson, con- 
sulting engineers, pictured below. “Despite, this economy its performance 
is superior in many ways. There’s ng corrosion, negligible maintenance 
and continued high carrying capacity ... helping through the years to 
save in the operation of the system. These many economies make it easier 
for communities to build and expand their water systems.” 
“ Transite’s maintained carrying 
capacity keeps pumping costs low. 
Its strength, durability and corro- 
sion-resistance cut maintenance— 
provide years of trouble-free serv- 
ice. Further savings are effected by 
the sure coupling method that as- 
sures a tight seal at every joint. 
Add to this Transite’s natural inte- 
rior smoothness and you see why it 
helps reduce community water sys- 
tem costs. Let us send you “Facts 
and Data for Engineers” book. 
Write Johns-Manville, Box 14 
JA-5 New York 16, N. Y. 
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